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^ (57) Abstract: The present invention provides compositions and methods for neating an animal, preferably a human, suffering from 
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^ preferably an RARa antagonist, and at least one RXR agonist. The combination of an RXR agonist, which has no tiierapeutic effects 
^ alone, with an RAR antagonist allows the use of lower doses of the RAR antagonist than were previously thought to be^fficacious; 
^ this approach obviates many of the undesirable physiological side-effects of u«atmcnt with RAR antagonists. 
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KXAMPUE 28: PREPARATION OF 3-FLUQRO-5.5.8.8-TE TR AMETHYL-5.6.7.8- 
TETRAHYDRQ-2-NAPHTHALDEHYDE 




STEP A 



To a solution of 10.0 g (45.4 mmol) of 2-fluoro-3-methyl-5,5,8.8-tetraiiiefliyl-5,6,7,8- 
tettahydronaphthalene in 91 mL of carbon tetrachloride was added 8.48 g (47.7 mmol) of N- 
bromosucdnimide and 0330 g (1.36 mmol) of benzoyl peroxide. The solution was heated at 
reflux for 35 minutes and tiien cooled to room tempaature. 200 mL petroleum €th» was added 
and the sohition filtered and cimcentrated in vacuo to afford 16.9 g of 2-fluaro-3-bromomethyl- 
5^,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalaie which was used without further purification. 

STEPS 

5.26 g (59.0 mmol) of 2-nitropropane was added to a solution prepared by dissolving 
1.04 g (45.4 mmol) of sodium in 60 mL of ethanoL The resulting solution was added to a 
solution of 16.9 g <45.4 mmol) of erode 2-fluoro-3-bromomethyl-5,5,8.8-tetramediyl-5,6,7,8- 
tetcahydronaphtiialaie in 60 mL of ethanoL Aftar 5 hours the reaction mixture was partitioned 
between ethyl acetate and water. The organic layer was washed with IM aqueous ^dium 
hydroxide, watCT, brine, dried over anhydrous sodium sulfate and concentrated in vacuo. The 
product was purified by flash dhuromatography on silica gel (1% ethyl acetate/hexane) to affOTd 
6.17 g (58%) of 3-fluOTO-53,8,8-tetrametiiyl-5,6,7,8-t^rahydro-2-naphtiialddiyde (m.p. = 

119.4-120.0 *C). 
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gTFP B- PREPARATION OV 4-(mV245.5 «-R-TEntAMETHYL-3-(2-THTAZO?^2-YI^ 
PTHYT .V5.6.7.8-TETRAHYDRO-NAPHTHAT KN-l-YLIVINYLlB FNZYL ACID 

A sluiry containing 278 mg (.604 mmol) of ethyl-4-{(E)-2-[5,5.8,8-tetrainethyl-3-(2- 
5 thiazol-2-yl-ethyl)-5,6,7,8-tetiahydro-naphthalen-2-yl]vinyl}benzoate in 2.3 mL of ethanol and 
1.7 mL of 2M aqueous sodium hydroxide was stirred for 7 hours. The reaction mixture was 
neutralized and washed witii a saturated solution of aqueous ammonium chloride. The 
resulting precipitate was extracted several times wifli efliyl acetate. The carganic layers were 
combined, washed witii brine and dried over magnesium sulfate befcare bdng concentrated in 
10 vacuo. The residue (95 mg) obtained was then dissolved in dichlarometiiane and predpitated 
out by adding excess hexane resulting in 25 mg (10%) of 4-{(E)-2-[5,5,8,8-teiramefliyl-3-(2- 
thiazol-2-yl-ediyl)-5,6,7,8-tetrahydro-naphtiialen-2-yl)vinyl]bMizoic acid 40 (m.p. = 215.8- 

217.5° C, M*=446). 

« 

15 EXAMPLE 27: PREPARATION OF 2-FLUORO-^-METHY I^5.5.8.8-TETRAMEIHYI^ 
^,fi, 7.8-TETRAHY]:)R nNAPHTHAT FNF. 




To a solution of 15 g (136 mmol) of 2-fluorotolnene and 24.9 g (136 mmol) of 2,5- 
20 didilQro-2,5-dimelhylhexane in 120 mL dichlOTometiiane was added 1 .82 g (13.6 mmol) of 
aluminum chloride and tiie sohition heated at reflux. After 18 hours die reaction mixture was 
cooled to room temperature and 5% aqueous HQ was added. This was partitioned between 
hexane and water. The aqueous phase was washed once with hexane. Hie combined organic 
layers were washed with brine, dried over anhydrous sodium sulfate, and concentrated in vacuo 
25 to afford 25.8 g (86%) of 2-fluoro-3-metiiyl-5,5,8,8-tettametiiyl-5,6,7,8-tetrahydronaphtiialene 

(m.p. = 90.0-91.8 °Q. 
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on carbon and the suspeaaon was shaken under 40psi hydrogen gas for 3 hours. The resulting 
solution was filtered and concentrated in vacuo. The product was purified by flash 
chromatography on siUca gel (30% ethyl acetatertiexane) to afford 0.251 g (68%) of 3-(2-(2- 
pyrimidyl)ethyl>5,5,8.8-tetramethyl-5,6,7,8-tetrahydro-2-naphthaldehyde (m.p. = 78.0-843 

Replacement of 2-bromo-pyridine witij 2-bromo-tbiazole gave 2-fonnyl-3-[2-(tiuazol-2- 
yl)etiiyll-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-napthalene. 

F.XAMPI^26:PRFPARATIQNOP4-frHV2-r5^.8 «-TETRAMEmY1^3-(2-THIAZQL-2- 
YT .ETHYLV5-ft-7 R-TErRAHYnRO.NAPHTH AT .FN-2-YLlVmYL) BENZOIC ACID 





A 0 *C, .3 M tetrahydrofuran solution of 229 mg (.699 mmol) of 2-fonnyl-3-[2-(thiazol- 
2-yl) ethyl]-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-napthakme and 202 mg (.706 mmol) of 
diethyl 4-carboelhoxybenzyl phosphonate was treated with 30 mg (.768 mmol, 60% wt in 
mineral oil) NaH in 5 mg portions over ten minutes. The solution was allowed to warm to 
room ten^tiure and stined for 2 hours. The reaction mixtiire was diluted witii ethyl acetate 
and washed witii water and brine. The organic layer was then dried over magnesium sulfate, 
concentrated under reduced pressure and tiie resulting residue triturated with methanol to 
provide 278 mg (86%) of Efliyl-4-{(E)-2-{5,5,8,8-tetrametiiyl-3-(2-thiazol-2-yl-etiiyl)-5,6.7,8- 

tetrahydro-naphthalen-2-yllvinyl}benzoate. 
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STEP C: PREPARATION OF4-rniV2-r5.5.8.R-Tt7rRAMEIH YT.-3-ffPYRIMIDIN-2^ 

YT ■^R^HYNYLV5.6.7.8-TERAHYDRQ-2-N APHTHAT .P.N-2-YL^VINYL1BENZ0IC ACID 



O 




5 A solution of 0.055 g (0.123 mmol) of Methyl-4-[(E)-2-(5^,8,8-tetiamethyl-3- 

((pyriiiudin-2-yl)ethynyl>5 A7,8-tetrahydro-2-iMphthalai-2-yl)^^^ in 2.5 ml IM 

liOH and 5 ml ethyl alcohol was heated to reflux. After 55 minutes the reaction was cooled to 
room temperature and acidified witii 4 ml IM hydrochloric acid. The aqueous was extracted 
witii ediyl etha, washed witii wator, brine, dried over anhydrous magnesium sulfate and 

10 stripped in vacuo to afford 0.054 g (99%) of 4-[(E)-2-(5.5,8,8-tetrametiiyl-3-((pyrimidin-2- 
yl)ethynyl)-5,6,7,8-tetrahydro-2-nJ5)hthalen-2-yl)vinyl]baizoic acid 159 (NT = 436). 

PY AMPT E 25: PREPARATION OF 5.5.8.8- TRrRAMErHYI .3-(2-PYRIMIDIN-2^ 
YT KrHYLV5.6.7.8-TETR AHYDRO-2-NAPHTHALDEHYDE 

15 




To a solution of 0.362 g (1.14 mmol) of 3-(2-(2-pyrimidyl)etiiynyl)-5.5,8,8-tetramethyl- 
5,6,7,8-tetrahydro-2-naphthaldehyde in 20 mL pf eflianol was added 0.060 g of 10% palladium 
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0253 g (2.50 mmol) of tri^ylamine in 12 mL of dimethylfOTmamide was heated to 45 °C for 
3 hours, cooled to room temperature and partitioned between ethyl acetate and water. The 
organic layo" was washed with brine, dried over anhydrous sodium sulfate, and concentrated in 
vacuo. The product was purified by flash chromatography on silica gel (25% elhyl 
acetate/hexane) to afford 0.372 g (70%) of 5,5,8,8-tetramethyl-3-pyrinudin-2-ylethynyl-5,6,7,8- 
trtrahydro-2-naphthaldehyde.(M* = 318). 

STFP PREPARATION OF METHYL 4-i{Ei-2-( 5 -5-8-8-TETRAMETHYI^3- 
'V^^TM^n^N-2-YL^ETHY^m.V5.6.7.8-TERAHYDR ^-'7-NAPHTWf^^^^^^ 

10 YT .^VINYLIBENZOATE 




To a suspension of 0.057 g (1.43 mmol) of 60% NaH in 1.5 ml tetrahydrofuran was 
added 0.180 g (0.70 mmol) of 4-(dimethoxyphosphOTylmeaiyl)-bMi2oic add methyl^sta: in 25 

15 ml THF and the reaction was stirred at room temp«ature. Aftw 20 minutes 0.182 g (0.57 

mmol) of 3-((pyrimidin-2-yl)ethynyl)-5,5.8,S,-tetramethyl-5,6,7,8-tettahydro-2-naphthaldehyde 
in 3 ml THF was added slowly and the reaction was stirred at room temperamre. After 1 hour 
20 minutes the reaction was quoicbed with 6 ml IM hydrochloric acid and extracted with ethyl 
ethCT. The organic layer was washed with water, brine, dried ov«: anhydrous sodium sulfate, 

20 and concentrated in vacuo. The crude material was purified by flash chromatography (elution 
with 40% ediyl acetate/hexane) to afford 0.055 g (21%) of Methyl-4-[(E)-2-(5,5,8,8- 
tetramethyl-3-((pyrimidin-2-yl)ethynyl)-5,6,7,8-tetrahydro-2-naphthalen-2-yl)viny^^ 

(M+1 = 451). 
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To a solution of 7.21 g (23.1 mmol) of 3-(2-trimethylsilyl-ethynyl)-5,5,8.8-tetramethyl- 
5,6,7,8-tetiahydro-2-naphtlialdehyde in 150 mL of methanol was added 638 g (46.2 mmol) of 



5 sulfate, and concentrated in vacuo. The product was purified by flash chromatography on alica 
gel (3% ethyl acetate/hexane) to afford 4.04 g (73%) of 3-ethynyl-5,5,8,8-tettamethyl-5,6,7,8- 
tetrahydro-2-naphthaldehyde (m.p. = 94.0-94.6 °C). 

pCAMPLE 24: 4-\(E)-2-( 5.5.«.8-TETRAMETHYI^3-(fPYRIMmiN-2 -YL^EnryNYL)- 
10 ^■6.7.8-TERAHYDRO-2-NAPHTHALEN-2-YL^VTNYL1BE N2DICACID 

O 



STEP A: PREPARATION OF 5.5.8.8-TETRAMETHY1^3-PYRIMIISlDIN-2-YLE THYNYL- 
15 5.fi.7.8-TETtlAHYDRO-2-NAPHTHALPEHYDE 



A solution of 0.400 g (1.66 mmol) of 3-€thynyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro- 
2-naphtlialdetoyde, 0.278 g (1.75 mmol) of 2-bromopyrimidine, 0.053 g (0.075 nunol) of 
dichlorobis(triphenylphosphine)palladium(II), 0.026 g (0.14 mmol) of cuprous iodide, and 
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acetate/hexane) to affoid 7.63 g (61%) of 3-biomo-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-2- 
naphthalddiyde (m.p.=l 13.9-1 143 "Q. 

EXAMPIJE 22: PREPARATION OF 3-f2-TRTMETHYLSILYETHYNYLV5.5.8.8- 
5 TETR AMETHYI^S A7.8-TFrRAHYDRO-2-NAPHTHA LDEHYDE 

. . O 




A solution of 6.97 g (23.6 mmol) of 3-brOTao-5^,8,8-tetiametiiyl-5,6,7,8-tetrahydro-2- 
naphthaldehyde, 4.66 g (47.4 nunol) of trimethylsilyacetylene, 700 mg (0.997 mmol) of 
dichl(»:obis(triphenylphosplmie) palladium^). 350 mg (1.84 mmol) of cuprous iodide, and 
10 3.60 g (35.5 mmol) of triahylamine in 95 mL dimethylfonnamide was heated to 45 DC for 2.5 
hours, cooled and partitioned between ethyl acetate and water. The organic phase was washed 
witii brine, dried over anhydrous sodium sulfate and concoitrated in vacuo. The product was 
purified by filtration through a pad of silica gel witii ehition with 10% ethyl ac^ate/hexane and 
afforded 7.23 g (98%) of 3-(2-trimeihylsilyl-ethynyl)-5,5,8,8-tetramediyl-5,6,7,8-tetrahydro-2- 

15 naphthalddiyde (m.p. = 78.4-82.0 °Q. 



EXAMPLE 23: PREPARATION OF 3-ETHYN YI^5.5.8.8.TETRAMETHYL-5.6.7.8- 
TFTR AHYDRO-2-NAPHTH AT nPHYnF. 
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3-[2-(3,5-dimethyI-pyrazol'l-yl)ethyl]-5,6J,8-tetrahy(fro-naphtha 
147 respectively. 

EXAMPLE 21: PREPARATION OP 3-BROMO->5,5.8.8-TETRA]^THYL-5,6.7.8- 
5 TETRAHYDRO-2-NAPHTW AT nRWvnp 




Step A 

10 To a solution of 12.0 g (281 mmol) of 2-bromo-3-melliyl-5^,8,8-tetramettiyl-5,6,7,8- 

tetrahydronaphthaloie in 84 mL carbon tetrachloride was added 7.59 g (42.7 mmol) of N- 
bromosuccinimide and 0.310 g (1 .28 mmol) of benzoyl p^oxide. This was heated to reflux for 
40 minutes and thai cooled to room temperature. To the cooled solution was added 170 mL 
petroleum ether and the solution was filtered and concentrated in vacuo to give 17.3 g of 2- 

15 bromo-3-bromomethyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene which was used 
without further purification. 

Steps 

0.981 g (42.7 mmol) of sodium was dissolved in 50 mL of ethanol. To this solution was 
20 added 4.94 g (55.5 mmol) of 2«nitropropane followed by 1 7.3 g (42.7 mmol) of crude 2-bromo- 
3-bromomethyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene in 75 mL ethanol. Aft^ 8 
hours, this mixture was concentrated in vacuo and then partitioned between ethyl acetate and 
wata:. The organic layer was sequmtially washed with IM aqueous sodium hydroxide, water, 
brine, dried ova: anhydrous sodium sulfate and concmtrated in vacuo. The product was 
25 purified by flash chromatography on silica gel with gradient elution (1-2% ethyl 
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diluted with water and acidified witii 1 N HCL The reaction mixture was extracted with ethyl 
acetate, washed with brine, dried over sodium sulfate andconcoitrated under reduced pressure. 
The residue was purified by flash dnxMnatography on silica gel (10% m«hyl 
alcohol/dichloromethane) to give 84 mg (24%) of 4-{(E)-2-[5,5,8,8-tettamefliyl-3-(3-pyrazol- 
5 l-ylpropyl)-5,6,7,8-tetrahydro-n^hthalai-2-yl]vinyl}benzoic acid 30 (m.p. = 1813-182.5 °Q. 

Proceeding as in die above example but substituting pyrazole with pyrrole, 3- 
aminopropane, 4-bromopyrazole, S-methylpyrazok, 4-methylpyrazole and tetrazole gave 4- 
( (E>2-[5,5,8,8-tetram«hyl-3-(3-pyErol- l-ylpropyl)-5,6,7,8-tetrahydro-naphthalen-2- 
yl]vinyl}benzoic acid 36, 4-{(E)-2-t5,5,8,8-tetramethyl-3-(3-propylaminopropyl)-5,6,7,8- 
10 tettahydro-naphthalen-2-yl)vinyl]baizoic add 33, 4-{(E)-2-[5,5,8,8-tettamethyl-3-C3-(4- 
bromopyrazol-l-yl)-propyl]-5,6,7,8-tetrahydro-naphthalai-2-yl]vinyl}benzoic add 130, 4- 
{(E>2-[5,5,8,8-tetramethyl-3-[3-(3-methylpyrazol-l-yl)-propyl]-5.6,7,8-tetrahydro-naphthaten- 
2-yl]vinyl}benzoic add 131, 4-{(E)-2-[5,5,8,8-tetramethyl-3-[3-(4-methylpyrazol-l-yl)- 
propyl]-5,6,7,8-t«iahydro-naphthalai-2-yl]vinyl}baizoic add 13S, 4-{(E)-2-[5,5,8,8- 
15 tetramrthyl-3-(3-tetra2ol-3-yl)-propyl)-5,6,7,8-tetrahydro-naphtiiate»-2-yl]vinyl}benzoic add 
141, and 4-{(E>2-[5,5,8,8-trtramettiyl-3-(3-tettazol-l-yl)-propyl)-5,6,7,8-tetrahydro- 
naphthalai-2-yl]vinyl)baizoic add 142 respectively. 

Proceeding as in the above example but substituting Methyl-4- 
{(E>2-[3-(3-hydroxypropyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthakm-2- 
20 yl] vinyl }baizoate with ( Methyl-4-{(E)-2-[3-(2-hydroxyethyl)-5,5,8,8-t^amethyl-5,6,7,8- 
t^rahydro-naphthalen-2-yl]vinyl}baizoate utili2ang pyrazole, 4-mediy^yrazok, 4- 
bromqjyrazole, imidazole, tiiazole, 3-melhylpyrazole and 3,5-dimethy^yrzole gave 4-{CE)-2- 
[5,5,8,8-tetramediyl-3-(2-pyrazol-l-ylethyl)-5,6,7,8-telrahy(fro-naphthalen-2-yl]vinyl}ba»z<^ 
add 29 , 4-{(E>2-[5,5,8,8-tetramethyl-3-[2-(4-methyl-pyrazol-l-yl)^yl]-5,6,7,8-tettahy<fro- 
25 naphthalai-2-yl]vinyl}benzoic acid 38, 4-{(E)-2-I5,5,8,8-tetramethyl-3-[2-(4-bromopyrazol-l- 
yl)ethyl]-5,6,7,8-tetrahydro-n2^hthalen-2-yl]vinyl} benzoic acid 134, 4-{(E>2-[5,5,8,8- 
t«ramediyl-3-[2-(imdazol- 1 -yl)ediyl]-5,6,7,8-tetrahydro-naphthalen-2-yl]vinyl} boizoic add 
m,4-{(E)-2-[5,5,8,8-tetramethyl-3-(2-[l,2,4]triazol-l-ylethyl)-5,6,7,8-tetrahydro-naphthal^ 
2-yl]viiiyl}benzoic add 136, 4-{(E)-2-[5,5,8,8-tetraniethyl-3-[2-(3-methyl-pyrazol-l-yl)ethyl]- 
30 5.6,7,8-tetrahydro-naphthalen-2-yI]vinyl}benzoic add 140 and-4-{(E)-2-t5,5,8,8-l»tramethyl- 
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with (E)- methyl-4-[2-(3-{2-hydroxyethyl }-5,5,83-tetramethyl-5A7,8-tetrahydr(>-naphthd©a^ 
2-yl)vinyl]benzoate gave 4-{(E)-2-[5,5,8,8-tetramethyl-3-(pyriimdin-2-yl^ 
tetrahydrc>-naphthalen-2-yl]vinyl}benzoic acid 26 and 
4-((E)-2-{5,53,8-tetramethyl-3-[3K5-methyl-[13,4]tiua^^ 
5 tetrahydro-naphthalen-2-yl } vinyI)benzoic add 27. 

AMPLE 20: PREPARATION OF 4-1 (EV245.5,8,8>TCTRAMETHYI^3-(3-PYRAZOL-l- 
YT PROPYLV5,6 J,8-TETRAHYDRO-NAPHTHAIXN-2-YL1 VI^^ ACID 




To a solution of 210 mg (0.54 mmol) of methyl-4-{(E)-2-[3-(3-hydroxypropyl)-5^,8,8- 
tetiamethyl-5,6,7,8-tetrahydro-naphthalea-2-yl] vinyl}benzoate in 20 mL of dichloromethane at 

0 °C was added 0.22 mL (1.62 mmol) of triethylamine and 0.083 mL (1.1 mmol) of 
15 methanesulfonyl chloride. After 3 hours at 0 °C the reaction mixture was diluted with wata 
and extracted with dichloromethane. The organic fraction was separated, washed with brine, 
dried over sodium sulfate and concentrated under reduced pressure. The residue was purified 
by x:hromatography through a short plug of silica gel. To a mixture of the product in 5 mL of 
tetrahydrofuran was added a mixture of 65 mg (0.25 mmol) of 18-crown-6 and 28 mg (0.27 
20 mmol) of potassium-tert-butoxide in 5 mL of tetrahydrofuran at 0 °C. The reaction mixture 
was stirred and allowed to warm to room temperature overnight After 16 hours the reaction 
mixture was diluted with water and extracted witii ethyl acetate. The organic fraction was 
separated, washed with brine and concentrated under reduced pressure. The residue was 
purified by flash chromatography on silica gel (25% etiiyl acetate/hexane). The purified 
25 product was dissolved in 10 mL of meAyl alcohol and 5 mL of 1 N LiOH. The reaction 
mixture was heated at reflux. Aft^ 1 .5 hours, the reaction was cooled to room temperature. 
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i^YAMPT P, 19: P PFPARATIQN O F 4./rPV?,-r'^,5.8.8-TRn^AMETHYI^S-(PYR]MlDIN-2- 
>HIHAmj: 

AC3D 




5 A mixture of 250 mg (0.62 mmol) of methyl-4-{(^)-2-[3-(3-hydroxypropyl)-5,5,8,8- 

tetramethyl-5,6 J,8-tetrahydro-naphthalen-2-yllvinyl}benzoate, 1 inL (4.9 mmol) of 
diisopropyl azodicarboxylate. 13 g (4.9 mmol) of triphenylphosphine and 550 mg (4.9 mmol) 
of 2-mercaptopyrimidine in 10 mL tettahydrofuran was stiired at room temperature. After 48 
hours, the reaction mixture was poured into brine and extracted with ethyl acetate, the organic 

10 extracts were washed with brine, dried over sodium sulfate and concentrated under reduced 
pressure. The residue was purified by flash chromatography on sittca gel (10% ethyl 
acetate/hexane). 

The purified material was taken up in 20 mL of methyl alcohol and 10 mL of 1 N UOH 
and heated to reflux. After 1 hour the reaction mixmre was cooled and methanol was removed 
15 under reduced pressure. The solution was acidified with acetic acid, extracted with €thyl 

acetate, washed with brine, dried over sodium sulfate and concentrated under reduced pressure. 
The residue was purified by flash chromatography on silica gel (gradient elution:10-20% ethyl 
acetate/hexane) and the product was recrystallized (ethyl acetate/hexane) to give 160 mg<55%) 
of 4-{(E)-2-[5.5,8.8-tetramethyl-3-(pyrimidin-l-ylthiopropyl)-5,6,7,8-tetiahydro-n^th^ 

ZO yl]vinyl}ben20ic acid 24 (in.p. =177-177.5 "Q. 

Proceeding as above but substituting 2-mercaptopyrimidine with 5-n»ethyl-U,4- 
thiadiazole2-thiol gave 4-((E)-2-{5,5,8,8-Tetramethyl-3-[3-(5-methyl-[13,41thiadiazol-2- 
ylsulfanyl)-propyl]-5,6,7,8-tetrahydro-naphthalen-2-yl}vinyl)benzoic acid 28. 

Proceeding as above but substimting (E)- methyl-4-[2-(3-{3-hydroxypropyl}-S,5,8,8- 
25 tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyllbenzoat€ 
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EXAMPLE 18: PREPARATION QF4-^fEV2-r3-(3-METHOXY>PROPYLn5.8.8- 
TETRAMETHYI^5.6 J.8-TETRAHYDRO-NAPHT^^ ACID 




5 To 390 mg (0.96 mmol) of Methyl-^[(E)-2.[3-(3-hydroxypropyl>5^,8,8-tetramethy^^ 

5,6 J,8-tetrahydro-naphthalai-2-yl]vinyl}ben2oate in 5 mL of dimetfaylformainide was added 
480 mg (4.78 mmol) of methyl iodide at 0 ""C was added 38 mg (.96 mmol) of sodium hydride 
(60% oil dispersion). After 4 hours, the reaction mixture was diluted with saturated aqueous 
ammonium chloride and extracted with dichloromethane. The organic fraction was washed 

10 with brine, dried over sodium sulfate and concentrated und^ reduced pressure. The residue 
was purified by flash chromatography on silica gel <6% ethyl acetate/hexane) to give 200 mg of 
product This material was taken up in 10 mL mediyl alcohol and S mL of 1 N liOH and 
heated to reflux. After 2 hours, the reaction was cooled to room temperature, diluted with 
water and acidified with concentrated HCl. The reaction was extracted with ethyl acetate, the 

15 organic fractions were washed with brine, dried over sodium sulfate and conc^trated und^ 
reduced pressure. The residue was purified by flash chromatography on silica gel (40% ethyl 
acetate/hexane/0.5% acetic acid) to 100 mg of 4-{(E)-2-[3-(3-methoxypropyl}-5,8,8- 
tetramethyl-5,6,7,8-tetrahydrO"naphthal©Q-2-yl]vinyl}ben20ic acid 11. 

Proceeding as in the Example above but substituting methyl iodide with ediyl iodide 

20 gave 4- { (E)-2-[3-(3-ethoxypropyl)-5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalm-2- 
yl]vinyl}benzoic acid 10. 
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10 



To a solution of 4.0 g (7-7 mmol) of Methyl-4-{(E)-2-t3-(3-t- 
butyldimethylsiloxypr(^yI)-5^3,8-tetramethyl-5.6.7,8-tetrahydro-naph^^ 

yl]vinyl}benzoate in 20 mL tetrahydrofuran was added a solution of 8 mL (8.08 mmol) 
tetrabutylammonium fluoride <1 .0 M in tetrahydrofuran). After 30 min the reaction mixture 
was diluted with water and extracted with ethyl acetate. The organic fraction was washed with 
brine, dried over sodium sulfate and concentrated under reduced pressure. The residue was 
purified by flash chromatography on silica gel (ethyl acetate) to give 2.67 g (85%) of Melhyl-4- 
{(E)-2-[3-(3-hydroxypropyl)-5,5,8,8-telramethyl-5,6,7,8-tetiahydro-naphtiialen-2- 

yl]vinyl}b€aizoate (m.p. = 109-115.5 °C). 



STFP H: PREPAR ATTON OF 4-f rEV2-f3-r3-HYDKOXYPROP YLV5,5,8.8- 
TRTR AMETHYL-5.6.7.8-TFTRAHYDRO 




15 



20 



To a solution of 27.0 g (0.66 mmol) of Metiiyl-4-{(E)-2-[3-(3-hydroxypropyl)-5,5,8,8- 
tetramethyl-5,6,7,8-tetrahydro-naphtiialen-2-yl]vinyl}benzoate in 10 mL of metiiyl alcohol was 
added 5 mL of 1 N UOH. Thereaction mixture was heated to reflux. After 4 hours, the 
reaction mixture was cooled to room temperature, diluted with dietiiyl etiier and acidified with 
concentrated HCl. The organic layer was separated, washed witii brine, dried over sodium 
sulfate and concentrated under reduced pressure. The residue was purified by crystallization 
(hexane/ethyl acetate) to give 200 mg (76%) of 4-{(E)-2-(3-(3-hydroxypropyl)-5,5,8,8- 
tetramethyl-5,6,7,8-tetrahydro-naphtiialen-2-yl]vinyl}benzoic acid (m-p.: 212.8-213.2 °Q 12. 

Proceeding as described in the Example above but substituting 3-hydroxypropylbenzene 
witfi 2-hydroxyefliylbenzene gave 4-{(E)-2-[3-(2-hydroxyetiiyl)-5,5,8,8-te&ametiiyl-5,6,7,«- 
tetrahydro-naphthalen-2-yl] vinyl} benzoic acid 31. 



25 
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STRP F: PREPARATION OF METHYT ^< fEV2-f B -^-t-BI rrYlDIMETHYLSILOXY 
PR OPYLV5^.8.«-TETRAMETHYT .Sfi-T-S-TETR AHYDRO-NAPHT HALEN-2- 
YT . ]VTNYL1BENZ0ATE 




To a suspension of 0.85 g (21.3 nunol) of 2-fQnnyl-3-(3-t-butyldimethylsiloxypropyl)- 
5^,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalene in 20 mL dimethyl sulfoxide at 0 "C was 
added a solution of 6.25 g (21.8 mmol) of dimetbyl-4-methylcarboxyIbemylphosphonate in 20 
mL of dimethyl sulfoxide. After 2 hours a solution of 4 g (10.4 mmol) in 10 mL dimethyl 
sulfoxide was added. After 3.5 hours, the reaction mixture was poured into iee. The aqueous 
solution was acidified with 1 N HCI and extracted with etfayl acetate. The organic fraction was 
washed with brine, dried over sodium sulfate and concentrated under reduced pressure. The 
residue was purified by chromatography through a short plug of siUca gel (4 % ethyl 
acetate/hexane) to afford 4.22 g (78%) of Methyi-4-{(E)-2-[3-(3-t-butyldimethylsiloxypropyl)- 
5.5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl]vinyl}benzoate(m.p.:73.2-76J°Q. 

igTRP G: PREPAR ATIQN OF MFTHYI^ jfEV ?.-r^r3-HYDROXYPROPYLV5,5,8,8- 
TFTR AMETHYT .5.6.7.8-TETR AHYDRQ-NAPHTH AT KN-9,-Yl .IVTNYLIBENZOATE 
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To a solution of 4.6 g (1 1.9 mmol) of 2-cyano-3-(3-t-butyldimeaiylaloxypropyI)- 
5^,8,8-tetramethyl-5A7,8-tetrahydio-iiaphAal€nein 40 mL of dichlwomethane at -78 **€ was 
added 17.9 mL (17.9 mmol) of diisobutylaluminum hydride (1.0 M in toluene). The reaction 
mixture was stiired and allowed to slowly warm to room temperature. Afte* 16 hours, acetic 
5 acid was added dropwise, followed by addition of water and dichloromethane. The organic 
fraction was separated, washed with brine, dried ova: sodium sulfate and conc^trated under 
reduced pressure. The residue was purified by flash chromatography on silica gel (gradient 
elution: 4-25% etiiyl acetate/hexane) to afford 2.48 g (53%) of 2-fonnyi -3-(3-t- 
butyldimetiiylsiloxypropyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-na^ M*" = 3«9). 

10 

AN ALTERNATIVE PREPARATION OF 2-FORMYI^3>(3-t-BlJTY IJ3IMETHYI^ 
■<STT U nXYPRQPYLV5,5.8.8-TETRAMFrHYI^5.6.7.8^T ETR^ 

To a solution of 14 g (32 mmol) of 2-bromo-3-(3-t-butyldimethylsiliIoxypropyl)- 
15 5^,8,8-tetramethyl-5,6,7,8-terahydro-naphthateie in 200 mL of dry trtrahydrofuran at -78 X 
was added 24.9 mL (64 mmol) of n-BuLi (23 M in hexane) via syringe under N2 atmosphere. 
The reaction mixture was stirred at this condition for 1 hour. Then it was quenched with a 
solutionof 7mL(64mmol)ofN-formylpiperidineinl0mLof drytetrahydrofuran. Tbt 

resulting solution was stirred for an additional 30 minutes, when it was quenched with 100 mL 
20 of NH4CI solution. The reaction mixture was extracted with 3 x 100 mL <rf ethyl acetate. The 
organic layers were combined, dried over MgS04 and die solvmt was removed under reduced 
pressure. The residue was purified by flash chromatography on silica gel (gradiait elutira : 
30% etiiyl acetate/hexanes) to afford ILl g (90%) of 2-formyl-3^(3-t- 
butyldimethylsimoxypropyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphA^^ (M*= 386). 
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concentrated under reduced pressure. The residue was purified by flash chromatography on 
silica gel (gradient elution: 1-2% ethyl acetate/hexane) to afford 9.17 g (66%) of 2-bromo-3-(3- 
t-butyldimethylsiloxypropyl>5^3,8-tetrameftyl-5,6J,8-tetrahy^^ 

5 5;tHP D: preparation OF 2-CYANO-3-B-t^BUTYmi] Vffmr^ 
^ ,S . R R.THTRAMETHYL^5.6.7.8-TETRAHYDRO-NAPW TW AT FNF. 




To a solution of 9.0 g (20.5 mmol) of 2-bromo-3-(3-t-butyldimethylsiloxypropyl)- 
5,5,8,8-tetiameaiyl-5,6,7,8-tetrahydro-naphthalaie in 70 mL of N-methyi pyrollidine was 

10 added 7.36 g (82 mmol) of copper (I) cyanide and the reaction mixture was heated to 175 ""C. 
After 16 hours the reaction mixture was cooled to room temperature and diluted with 10% 
aqueous ammonium hydroxide. The resulting salts were removed by filtration and washed witti 
hot ethyl acetate. The filtrate was extracted with ethyl acetate and the combined organic 
fractions ware washed with brine, dried ov^ sodium sulfate and concentrated under reduced 

15 pressure. The residue was purified by flash chromatography on silica gel (gradient elution: 3- 
25% ethyl acetate/hexane) to give 4.8 g (61%) of 2-cyano-3-(3-t-butyldimethylsiloxypropyl> 
5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalene. 

a 

RTl ^ v.- PREPARATION OF 2-FORMYT. -:^-f3-t-BT ITYT .DTMETH YLSILOXYPROPYL)- 
20 S^RR-TETRAMinTm^5A7-R-TETOAHYP P<^NAPHT^ 
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STEP B: PREPARATION OF 2-BRQMa343^HYDROXYPRQPYLV5.5,8.8>TETRA- 
MEnrHYI^5.6J,8-TETRAHYDRQ>NAPHTHAI£^ 




5 To a solution of 123 g (49.8 mmol) of 2-(3-hydroxypropyl)-5^,8,8-tetramethyl-5,6,7,8- 

tetrahydro-naphthalene ia 100 mL of carbon tetrachloride at 0 ""C was added a trace of iron 
powder followed by a solution of 8.76 g (54.8 nunol) of bromine in 80 naL of carbon 
tetrachloride. After 4.5 hours at 0 "^C the reaction naixture was warmed to room temperature. 
After 3 hours at room temperature, the reaction mixture was poured into ice watff and the 

10 mixture was extracted with dichloromethane. The organic fraction was washed witii brine, 
dried over sodium sulfate and concentrated under reduced pressure. The residue was purified 
by flash chromatography on siUca gel (30% ethyl acetate/hexane) to give 102 g<63%) of 2- 
hromo-3-(3-hydroxypropyl>5,5,8,8-tetram^yl-5A7,8-tetrahydro^^^ (M*= 324). 

15 STEP C: PREPARATION OF2-BROMO-3-f3-t-BUTYUDIMETHYI^ILOXYPROPYL)- 
5.5.8.8-TETRAMETHYI^5.6 J.8^TETRAHYDRO -^J APHTHAY PNE. 




To a solution of 10.2 g (3135 mmol) of 2-bromo-3-(3-hydroxypropyl)-5,5,8,8- 
20 tetramethyl-5,6 J,8-tetrahydro-naphthalene in 80 mL of dimethlformamide was added 9.46 g 
(138.8 mmol) of imidazole and 10.46 g (69.4 mmol) of tert-butyldimetiiylsilyl chloride. Aftcsr 
4 hours the reaction mixture was diluted witfi diethyl etiier and washed witii 1 N aqueous 
ammonium^loride and brine. The organic fraction was dried over sodium sulfate and then 
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sodium sulfate and concentrated under reduced pressure. The residue was recrystallized (ethyl 
acetate/hexane) to give 50 mg (12%) of 4- {(E)-2-[3-(2-methoxy-ethoxymethy 1-5,5,8,8- 
tetramethyl-5,6,7,8-tetrahydro-naphthalai-2-yl]vinyl}bCTZoic acid (m.p. = 55.9-58.2 5. 

4 

5 EXAMPLE 17: PREPARATION OF4-lfEV2-B.G.HYDROX YPROPYLV5.5.8,8- 

TRTO AMETHYI^5A7.8-TETRAHYDR ri.N APTTTHAT PN>2^YL1 VINYL) BENZOIC ACID 




STEP A: PREPARATION OF 2-r3-HYDROXYPROPYLV5^,8,8-TETRAM ETHYI^5.6>7.8- 
TETRAHYD^?^-N APHTR AT ENR 




To a solution of 14 g (103 nimol) of 3- phenyl-l-propanol and 18.2 g (123 mmol) of 
2^-dichloro-2,5-dimethy]hexane in 100 mL of dichloromediane was added 15 g (1 13 mmol) of 
aluminum chloride. After tiie addition of aluminum chloride was complete, the reaction was 
heated to reflux. After 16 hours, the reaction mixture was cooled to room temperature and 100 

15 mL of wata: was added, followed by 100 mL of IN HCl. The reaction mixture was stirred for 
2 hours, filtered through a Celite pad and the layers wore separated. The aqueous layer was 
extracted with diethyl ether and the combined organic fractions were washed with brine, dried 
ovCT sodium sulfate and concentrated under reduced pressure. The residue was purified by 
flash chromatography on silica gel (30% ethyl acetate/hexane) to afford 13.45 g (53%) of 2-(3- 

20 hydroxypr(^yl>-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphtiialene 
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A 3M tetrahydrofuran solution of 434 mg (1.46 mmol) of 2-foraiyl.5^,S,8-tetiamefliyl- 
3-pyrazol-l-ylmethyl-5,6,7,8-tetrahydro-naphthalene and 494 mg (1.61 mmol) of diethyl (5- 
carboethoxythiophen-2-yl) methyiphosphonate at 0 was treated with 76 mg (1.91 mmol, 
60% wt in mineral oil) NaH in 5 mg portions over 10 minules. The slurry was then stirred at 
room temperature for 2 hours. The reaction mixture was then diluted with ethyl acetate and 
washed with water and brine. The organic layer was then dried over magnesium sulfate and 
concentrated in vacuo. The resulting residue was triturated wi& methanol yielding 45. 



F y A^4PLE 16: PRF.PARATIQN OF 4-lfE^-2-r3-f2 -MKrHOXY-ETHOXYMETHY)l^ 
'^ , R R-TETRAMFTHYI^S A7 R-TETRAHYP Rn-NAPHTHAIXN-2-YL3VI^ 

RFN7nTC ACID 




To a mixture of 63 mg (1 .57 mmol) of sodium hydride in 5 mL of ^tetrahydrofuran was 
added 1 10 mg (1.47 mmol) of 2-methoxyethanol, foUowed by 16 mg (.098 mmol) of potassium 

iodide. The reaction mixture was cooled .to -30* and a solution of 434 mg<.98 mmol) of 
Methyl-4-[(E)-2<3-bromomethyl-5,53,8-tetrainethyl-5,6,7,8-tetrahydro-naphthalen-2- 

yl)vinyl]ben2oate in 5 mL of tetrahydrofuran was added. The reaction mixture was allowed to 
slowly warm to room temperature. After 5 hours the reaction mixture was diluted with water 
and extracted with ethyl acetate. The organic fraction was washed with brine, dried over 
sodium sulfate and concentrated under reduced pressure. The residue was purified by flash 
chromatography on siUca gel (13% ethyl.acetate/hexane). 

The above product was taken up in 10 mL inethyl alcohol and 5 ipL of IN liOH. The 
reaction mixture was heated to reflux. After 4 hours, the reaction mixture was cooled to room 
temperature, diluted with water and ethyl ether and then acidified with concentrated HCL The 
mixture was extracted with ethyl acetate, the organic extracts washed with brine, dried over 
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A sluny of 315 mg (.828 mmol) of Methyl 2-fluoro^[(E)-2-(3^^,8.8-pentamethyl- 
5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]benzoate, 147 mg of N-bromosucdnimide, and 10 mg 
of benzoyl pCTOxide in 6 mL of carbon tetrachloride was heated to reflux and e)q)osed to the 
radiation from a tungsten filament sun lamp for 1^ hours. The reaction mixture was then 
5 filtered and concentrated in vacuo. The resulting residue was purified by flash chromatography 
on siUca gel (2% efliyl acetate in hexane) to provide 247 mg (65%) of Methyl 2-fluoro-4-[(E)- 
2K3-Bromomethyl-5,53,8-tetramethyl-5A7.8-tetrahydro-naphthylen-2-yl)vinyl]ben2oate. 

A mixture of 231 mg (.503 mmol) of Methyl 2-fluoro-4-[(E)-2-(3-Bromomethyl- 
5,5,8,8-tetramethyl-5,6,7.8-tetrahydro-naphthylen-2-yl)vinyllbenzoate, 120 mg (1.76 mmol) of 
10 pyrazole and 1 3 mL of N-methyl pyiroUdine was heated to 125° C for 6 hours. The resulting 
slurry was partitioned between ethyl acetate and water. The organic layer was washed with 
brine, dried over magnesium sulfate, and concentrated under reduced pressure yielding 207 mg 
(92%) of Methyl 2-fluoro-4-[(E)-2-[5,5,8,8-tetramethyl-3-pyrazol-lylmethyl-5,6,7.8-tetrahydro 

naphthalea-2-yl]vinyl}benzoate. 

15 A sluny of 199 mg (.446 mmol) of Methyl'2-fluoro-4-[(E)-2-[5,5,8,8-tetramethyl-3- 

pyrazol-l-yhnethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]benzoate, 1-5 mL ethanol and 1 
mL of 2M aqueous sodium hydroxide was stirred for 16 hours. The mixture was neutralized 
with aqueous ammonium chloride and extracted with ethyl acetate. The organic layer was then 
washed with brine, dried over magnesium sulfate and concenttated in vacuo. The resulting 145 

20 mg of residue was triturated in methanol to provide 85 mg (44%) of 2-Fluoro-4-[(E>2-[5,5,8,8- 
tetramethyl-3-pyrazol-l-ybnethyl-5,6,7,8-tetrahydro naphthalen-2-yI)vinyl]benzoic add 47. 

t;vaA4PTF, PREPARATTON OF 5-rfEV?--f S.5.8.8-TETR AMFTHYL-3-PYRAZO L-l 
yr MF.THYL.5.6.7.8- TETRAHYDRO -TJapwthat F.N-2-YUV1NYL1-THIOPHENE-2- 
25 rABBOXYLICACID 
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and the organic fraction was dried ov^ sodium sulfate. Hie solution was concentrated und^ 
reduced pressure to give 200 mg (78%) of 4-[<E)-2-(3-Butylthiomethyl-5,53;8-teirametfiyl- 
5,6,7 ,8-tetrahydro-naphthalen-2-yl)vinyllben2oic add <M* = 456). 

Proceeding as described in the example above but substituting 1-butanethiol with, 

5 fuifuryl mercaptan, l-mercapto-2,3-propanediol, l-meicapto-2-methylbutane, 

cyclopentylmercaptan, isopropylmarcj^tan, isobutylmax:aptan, 3-methylbutylmercq)tan, 2- 
diethylaminoethylm^captan, 2-cyclohexylaminoethylmercaptan, 2-m^aptopyrimidine, 
propylmercaptan, 4-methyl-4H-l,2,4-triazole-3-tiiiol, S-methyl-13,4-thiadiazote"2-thiol,5- 
mercapto-l-methyltetrazole, 2-mercapto-l-methylimidazole, 2-mercaptoduazoline and 2- 

10 mercaptobenzothiazole gave 8, 9, 3, 4, 13, 14, 16, 17, 18, 19, 21, 22, 23, 25, 32, 34 and 35 
r^pectively. 

EXAMPLE 14: PREPARATION OF 2-FLUQRO-4-fmV2-(5,5.8,8-TETRAMETHYI^ 
PYRAZOI^l-YIJVIETHYI>S,6.7.8-TETRAHYDRO NAPHTHA T iVTKrvT }- 

15 BENZOIC ACID 




A 0 **C, 3M tetrahydrofuran solution of 350 mg (1 .62 mmol) of 2-fannyl-3,5,5,8,8- 
pentametiiyl-5,6,7,8-tetrahydro-naphthalene and 541 mg (1.78 mmol) of diethyl 2-fluora4- 
carbomethoxybenzylphosphonate was treated with 84 mg (2.10 nunol, 60% wt in mineral oil) 
20 NaH in 10 mg portions over 10 minutes. The reaction mixture was stiired at room temperature 
for 2 hours before diluting with ethyl acetate and washing with brine. The organic extracts 
were dried over magnesium sulfate, concentrated in vacuo and triturated with metfianol to 
provide 330 mg (54%) Methyl 2-fluQro-4-i;(E)-2-(3,5;5,8,8-paitameaiyl.5,« .7,8-tetrahydro- 
naphthalen-2-yl)vinyl]ben2X)ate. 
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5,6,7,8-tetrahy(lro-naphthalen-2-yl)vinyl]ben2oic acid 138, 4-[(E)-2-(5,5,8,8-tetiamethyl-3- (2- 
oxchpyiroUdin-l-yl-methyl-5,6J,8-tetrahydro-naphthalen-2-yl)v^^ arid 139, 4- 

{(E>2-[5,5,8,8-Tetramethyl-3-(3,5-dimethylpyia20l-l-yto^ 

2-yl)vinyl]ben20ic acid 143, 4-[(E)-2<5,5,8,8-tetramethyl-3K2-oxchpiperidin-l-yl-m^ 
5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]beiizoic add 146 4-{(E)-2-[5,5,8,8-Tetramethyl.3-(2- 
methyUimdazol-l-ylmethyl-5,6 J,8-tetrahydr<>-naphthd add 149and 4- 

{(E>2-[5,5,8,8-Tetrametiiyl-3K4-methyfiimda20l4-ylme&^ 
yl)vinyl]benzoic acid 150 respectively. 

EXAMPLE 13: PREPARATION OP 4-f(EV2-(3-BlJTYLTfflQMETrHYL^5,5,8,8- 
TETRAMETHYI^5 A7,8>TETRAHYDR0>NAPHTHA1£N-^^ ACID 




A solution of 445 mg (1 mmol) of Metiiyl-4-[(E)-2-(3-Bromoinethyl-5,5,8,8- 
tetramethyl-5,6,7,8-tetrahydro-Mphthalen-2-yl)vinyl]beii^ 418 mg (3 mmol) of potassium 
carbonate and 180 mg (2 mmol) of 1-butanethiol in 10 mL dimethylformamide was heated to 
reflux. After 40 minutes, the reaction mixture was cooled to room temperature, th«i diluted 
with wata:- The mixture was extracted with ethyl acetate, the organic extracts washed with 
brine, dried ova: sodium sulfate, thai concentrated under reduced pressure. The residue was 
purified by flash chromatography on silica gel (5% ethyl acetate/hexane) to give 263 mg (58%) 
ofMethyl-4-[(E)-2-(3-Butylthiomethyl-5,5,8,8-tetramethyl-5,6,7,8-tet^^ 

yl)vinyl]benzoate. 

This above compound was taken up in 10 mL methyl alcohol and 5 mL 1 N LiOH and 
heated to reflux. After 2 hours the reaction mixture was cooled to room temperature, diluted 
with brine and acidified with concentrated HCL The mixture was exttacted with ethyl ether 
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EXAMPLE 12: PREPARATION QF4-f/E)-2-(5.5.8.8>TETRAMETHYL-3-PYRAZQL-l> 
YT .METHYL -5,6.7,8-TETRAHYDRO-NAPP TH M .FN-9.^ YL^VINYL1 BEN ZOIC ACID (6) 




OH 



A mixture of 2.0 g (45 imnol) of (E)- methyl-4-[2K3-bromomethyl-3,5.8.8-tetramethyl- 

5 5,6 J,8-tetrahydro-naphthalen-2-yI)vinyl]benzoate and 0.65 g (95 mmol) of pjrozole in 15 mL 
of N-methyl pyrrolidine was heated at 100*". After 2 hours, the reaction mixture was cooled to 
room temperature, poured into brine and extracted with ethyl acetate. Hie organic extracts 
were washed with brine, dried over sodium sulfate and concOTtrated under reduced pressure. 
The residue was stirred with hexane and the product was filtered off, washed with hexane and 

10 dried to give 1 .6 g (83%) of n^yl-4.[2-(5,5,8,8-T«tianiethyl-3-pyrazol-l-yhnethyl-5,6,7,«- 
tetrahydro-naphthalen-2-yl)vinyl]benzoate QA^ = ^9). 

A mixture of 27.6 g (64.4 mmol) of methyl-4-[2-(5,5,8,8-tetramethyl-3-pyrazol-l- 
yhnethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]benzoate and 97 mL (193 mmol) of 2 N 
sodium hydroxide in 300 mL of ethyl alcohol was heated at reflux. After 1 hour, the reaction 

15 mixture was cooled to room temperature and diluted with 900 mL of wata. The reaction 
mixture was acidified with 2 N HCl and the product was isolated by filtration, washed with 
water and pmtane and dried to give 25.9 g (97%) of 4-[(E)-2-(5,5,8,8-tetiamethyl-3-pyrazoH- 
yhnefliyl-5,6,7,8-tetrahydro-naphtiialen-2-yl)vinyl]ben20ic acid (m-p, = 2463-248 "^Q 6. 

Proceeding as described in tfie example above but substituting pyrazole with pyrrole, 4- 

20 methylpyrazole, 1,2,4-triazole, morpholine, 2-pyrrolidone, 3,5-dimetiiylpyrzole, 

5 - valerolactone, 2-methyIimidazole and 4-metiiylimidzole gave 4-[(E)-2-<5,5,8,8-tetrametiiyl- 
3-pyirol-l-yLmethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]be^ acid 7, 4-{<E)-2-C5,5,8,8- 
Tetramethyl-3K4-methylpyrazol-l-yhnethyl-5,6,7,8-tetrahydro-napht^^ 
acid 20, 4-[(E)-2-(5,5,8,8~Tetrametiiyl-3-[l,2,4]triazol-l-ylmetiiyl-5,6,7,8-tetr^^ 

25 naphthalen-2-yl]vinyl}benzoic acid 39, 4-£(E)-2-<5,5,«,8-tetramethyl-3-moiphohn-4-ylmetiiyl- 
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into 50 mL 2 N HCl, extracted with ethyl acetate, washed with brine, dried over sodium sulfate 
and concentrated under reduced pressure. The residue was stirred with 100 mL of hexane, 
filtered and the filtrate concentrated under reduced pressure. The residue was stirred wiA 100 
mL of methyl alcohol and the product filtered off to give 232 g (64%) of methyl-4-[(E)-2- 
(3,5,5,8.8-pentamethyl-5.6.7,8-tetrahydro-n^hthalen-2-yl)vinyl]benzoate (M" = 362). 



MErHYL-4-frEV2-f3-BRnMOMErHY L-5 J.8.8- 
TRTR AMETPYT^5.6.7.8-TFiTR AHYDRO-T^ APHTH AT FN. 



0 




10 A mixture of 1 .0 g (2.76 mmol) of (E)-methyl-4-[2-(3-methyl-5,5,8,8-tetramethyl- 

5,6.7,8-tetrahydro-naphthalen-2-yl)vinyl]benzoate, 0.64 g (3.6 mmol) of N- bromosucdnimide 
and 0.033 g (0.13 mmol) of benzoyl peroxide in 20 mL of carixm tetrachloride was heated 
under reflux, under a high intensity lamp. After 2 hours, the reaction was cooled to room 
temperature and poured into 10% aqueous sodium bisulfite solution. The organic layer was 

15 separated, washed with brine, dried over sodium sulfate and concentrated under reduced 
pressure. The residue was stirred with methyl alcohol to afford 0.88 g of Methyl-4-[2-(3- 
hromomethyl-5,5,8.8-tetramethyl-5.6,7,8-tetrahydro-naphthalen-2-yl)vinyl]ben2oate(72^^^ 

(Mr-=440). 



20 



25 
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The reaction mixture was heated at 175 After 1^ hours, fte mixture waseooled to room 
temperature and treated with 400 mL of 10% aqueous ammonium hydroxide. The reaction 
mixture was filtered to remove salts and the solids were extracted widi hot ethyl acetate. The 
combined organic fractions w^e washed with brine, dried over sodium sulfate and 

5 concentrated under reduced pressure. The product was purified by gradient elution tturough a 
pad of silica gel (hexane-5 % ethyl acetate/hexane) to give 18 g (95%) of 2-cyano-3-methyl- 
5,5,8,8-tetrametiiyl-5,6,7,8-ted:ahydronaphthatene 0^ = 227). 

To a solution of 18.7 g (823 nmiol) of 2-cyaio-3-mefliyl-5,5,«,8-tetramethyl-5,6,7,8- 
tetrahydronaphthalene in 280 mL of dichloromethane, cooled at -78°, was added 123 mL (123 

10 mmol) of diisobntyl aluminum hydride (1 .0 M in toluene). The reaction mixture was stirred 
and allowed to gradually warm to room temperature. After 16 hours, the reaction mixture was 
treated with 30 mL of acetic acid added dropwise, followed by 150 mL of water. The organic 
layer was separated, diluted with 200 mL of hexane, washed with brine, dried over sodium 
sulfate and concentrated under reduced pressure. Tlie residue was purified by flash 

15 chromatography (gradient elution 5-10% ethyl acetate/hexane) on silica gel to affcHd 1 1.8 g 
(63%) of 2-fonnyl-3-methyl-5,5,8,8-tetramethyl-5,6,7,S-ted:ahydronaphthalene. 

STEP D: PREPARATION OF METHYI^r(E)~2-f3,5.5.8,8-PEOTAMETHY1^5 
TETRAHYDRO-NAPWTH AT .RM,9.YL^VINYL1 BENZOATE 

20 




To a solution of 3.5 g (13.5 mmol) of dimethyl-4-methylcarboxylbenzylphosphonate in 
80 mL of toluene at 0°, was added 7.6 mL (23 mmol) of potassium tm-pentylate (Fluka 
Chemical Co.). After 15 minutes a solution of 2.3 g (10 nmiol) of 2-formyl-3-methyl-5,5,8;8- 
tetramethyl-5,6,7,8-tetrahydronaphthalme in 20 mL of toluene was added and the reaction was 
25 allowed to stir and w^m to room temperature. After 16 hours, the reaction mixture was poured 
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room temporature, dauted with 150 mL of hexane and 100 mL of 1 N HCl was added. The 
organic laya: was separated and the aqueous layer was extracted witti hexane. The combined 
organic layers were washed with saturated NaCl solution, dried over sodium sulfate and 
concentrated under reduced pressure. The product was purified by filtration through a pad of 
5 silica gel with elution with hexane and afforded 23.9 g (87%) of 2-bromo-3-methyl-5,5,8,8- 
tetramethyl-5,6,7,8-tetrahydronaphthalene as a solid. (m.p.: 81.1-85 °C). 

5^TKP C: PREPARATION OF 2-FORMYI^3-METHYI^5 -S R.8-TETRAMETH^ 
TETRAHYDRONAPHTR AT FNF 




22^ mL (35.2 mmol) of n-butyl lithium (1.6 M in hexanes) was added. Afta: 1 hours, a 
solution of 3.95 mL (35.5 mmol) of N-fcamylpiperidine was added to a solution of 5 g (17.8 
mmol) of 2-bromo-3-methyl-5,5.8,8-tetram^yl-5,6,7,8-tetrahydronaphthalene in 50 mL of 
tetrahydrofuran, cooled in a dry ice/acet<Mie bath. After 30 minutes 30 mL of saturated aqueous 

15 ammonium chloride was added to the reaction mixture. The reaction mixture was wanned to 
room temperature and extracted with ethyl acetate. The organic phase was separated, washed 
with brine, dried over sodium sulfate and concentrated under reduced pressure. The residue 
was purified by flash chromatography on silica gel with gradient elution (hexane-10% ethyl 
acetate/hexane) to provide 3.5 g (85%) of 2-formyl-3-methyl-5,5,8,8-tetramethyl-5,6J,8- 

20 t^rahydronaphthalene (m.p.: 82.4-84.1 *^Q. 

AN AT .TRRNATIVE PREPARATION OF 2^FORMYI^3-METHYL-5. 5.8.8- 
TFTRAMEnm^5.6.7,8-TETRAHYDRONAPHTHALE^ 

25 28.9 g (322 mmol) of copper(I) cyanide was added to 22.7 g (80.7 mmol) of 2-bromo- 

3-methyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene in 270 mL of N-methyl pyrollidine. 
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The following examples describe synthesis of particular compounds of the invention, 
including many compounds illustrated in Table L 

EXAMPLE 11: PREPARATION OF (EV METHYL-4-r2-^3-BRQMOMET HYI^S^,8:8- 
TETRAMETHYI^5,6J,8-TETRAHYDRO-NAPHTHAI^N-2-YLWI^ 




STEP A: PREPARATION OF 2.5>DICHLQRO-2.5~DIMETHYLHEXANE 

HCl gas was added by bubbling through a gas dispo'sion tube to a solution of 100 g 
(684 nunol) of 2^-dimethyl-2,5-hexanedioI in 300 mL of ethanol. The reaction mixture slowly 
warmed from room t(»npecatuK to 60 over 3 hours. The re»:ti(Hi mixture was-cooled in a 
wet ice bath and a white solid was filtered off. The solid was washed with water and cold 
efhanol, then dried to give 65.2 g (65%) of 23-clichloro-2,5-dimethylhexane (M*" = 181). 

STEP B: PREPARATION OF 2-BRQMO-3-METHYL-5.5.8.8-TETRAMET HYL-5.6.7.8- 

TETRAHYPy^N APHTH AT BNF. 




To a solution of 20 g (1 17 mmol) of 2-bromotoiuene and 14.4 g <97.4 mmol) of 2, 5- 
dichlOT0-2^-dimethylhexane in 100 mL of dichlOTomeihane was added 1 .56 g (16.9 imnol) of 
aluminum cAloride and the mixture heated at rrflux. Aft» 16 hours, the nu^Oure was cooled to 
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FY AMPT E 10: MRASUREMEN T nv AT .VEOLAR RFPATR IN RAT T JW? WITH A 

rOMPOUND OF TTfF. TNVENTION 

Compounds of the invention may be evaluated for thdr effects on alveolar repair in tlie 
rat model of elastase-induced emphysema (Massaro etaL, Nature, 1997. VoL 3, No. 6: 675; 
Massaro et oL, United States Patent No. 5,998.486). Preferably, animals are divided into 
treatment groups of approximately eight Lung inflammation and alveolar damage may be 
induced in male Sprague Dawley rats by a single instillation of about 2 U/gram body mass of 
pancreatic elastase (pordne derived, Calbiochon) . 

Animals may be treated with a compound of the invaition prq)ared in Capmul at 
^^o-„« ™n«*.c ^»,r»ff«»hiv. hctwecn about 10.0 mg/kg and 0.0001 mg/kg) and 



will be dosed orally once per day starting 21 days post injury. Control groups are challenged 
with elastase and 21 days later are treated with vdiicle (Capmul solution) for 14 days. 
Animals are sacrificed 24 hours after the last dose by exsanguinalion under deep anesthesia. 
Blood was collected at time of exsanguinalion fca analysis. 

15 The lungs are inflated with 10% neutral buffered formalin by intratracheal instillation at 

a constant rate (1 mygram body mass/mm). The lung is excised and inmiersed in fixative for 
24 hours prior to processing. Alveolar measurements are made in four regions of the lung/rat 
The mean value/treatment group may be determined by summing the average area/rat fw all 
eight rats relative to the elastase+ vehicle treated group. In some cases, the variabiUty between 

20 rats within a treatment group was too large for the group average to be statistically significant 
Standard methods may be used to prepare 5 ]xm paraffin sections. Sections are stained witii 
Hematoxylin and Eosin. Computerized Morphometric analysis was performed to determine the 

average alveolar aze and alveolar number. 

Quantitation of triglycerides contained in rat plasma may be performed using 

25 estabhshed procedures. Briefly, plasma triglycerides may be converted to dihdroxyacetone and 
hydrogen peroxide by sequential treatment of plasma witt» lipase and glycerddnase according 
directions described by tiie manufacturer of triglycerides/GPO kit (Bodiringer Mannhdm 
#1488872). Hydrogen peroxide may be quantitated colorimetrically in a Hitachi 91 1 Chemistry 
Analyzer. In rats normal triglyceride levels are between about 75 mg/dl and about 175 mg/dL 

30 Triglyceride values are a convooient measure of toxicity. 
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EXAMPLE 8: INHALATION FORMULATION OF A COMPOUND OF THE INVENTION 



Table 9 



Component 


Percentage by weight 


Compound of the invention (stabilized with 
tocopherol) 


0^ 


Emulsifier Cremophor RH 40) 


22.0 


1,2 propylene glycol 


2.0 


Wat^ and cairier gas 


ad 100% by weight 



Cremaphor RH 40 may be purchased from BASF corporation- Other emulsifiers cm: 
solutizers are known to those of skill in tfie art and may be added to the aqueous solvent instead 
of Cremaphor RH 40. A compound of the invention, emulsifier, 1 ,2 propylene glycol and 
water are mixed together to form a solution. The above liquid formulation may be used, for 
example, in a pressurized gas aerosol with an appropriate carrier gas (e.g., nitrogen or -carbon 
dioxide). 

EXAMPLE 9 : BHD FORMULATION OF A COMPOUND QF THE INVENTION 



Table 10 



Component 


Peicaitage by weight 


Compound of the invention (stabilized with 
a- tocopherol) 


0.1 


Emulsifi^ (i.e., Cremophor RH 40) 


10.0 


Polyethylene glycol 


3.0 


Water 


86.9 



A compound of the invention, emulsifier, polyethylene glycol and water are mixed 
together to form a solution. The above liquid formulation may be used in typical BHD devices 
known in the art. 
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RX AMPLE 6: NASAL FORMULATTON OF A COMPOUND OF THE INrVENTION 



Table? 



Component 


Amount 


Compound of the invention 


"oli 


Sodium acetate buffer solution, 0.4 M 


2.0 ml 


HCl(lN)orNaOH(lN) 


q.s. to suitable pH 


Distilled or stmle water 


q.s to 20 ml 



•nie above ingrediaits are mixed to form a suspension for nasal administration. 




Table 8 



10 



15 



Component 


Percentage by weight 


Compound of tbe invention (stabilized with 
tocopherol) 


To 


1,1 ,2-tricholoro-trifluoroethane 


26.1 ~ ~ 


40% by weight dichlorodifluoromethane and 
60% by weight l,2-dichloro-l,l,2,2 
tetraflouroethane 


72.0 



A compound of tiie inventicm is dissolved carefully in 1,1,2-tricholoro- 1,2,2 
ttifluoroe&ane without ev^oralion of any solvent and the resultant solution is filtaed and 
stored in a sealed container. The resultant solution and the propellant gas may be introduced 
into aerosol cans for dispensation in the percentages shown in Table 8 using methods known to 
the skilled artisan. A metering valve which is designed for a discharge of between 100 jig and 
300 Mg per spray shot may be employed to dehva the correct dosage of the compound of the 
invoiticm. 
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F.X AMPLE 4: INJECTABLE FORMULATION OF A COMPOUND OF THE INVENTION 



Table 5 



Componait 


Amount 


Compound of the invention 


0.02 g - 0.2 g 


Sodium acetate buffer solution, 0.4 M 


2.0 ml 


HCl (IN) or NaOH (IN) 


q.s. to suitable pH 


Distilled water 


q.s. to 20 ml 



The above ingredients listed in Table S are mixed^ form an injectable formulation 



EXAMPLE 5 : INJECTABLE FORMULATION OF A COMPOUND OF THE INVENTION 



Table6 



Component 


Amount (mg/ml) 


Compound of the invention 


2.0-20 


Qtiicadd 


0.2 


Sodium citrate 


2.6 


Benzalkonium chloride 


0.2 


Sorbitol 


35 


Sodium taurocholate or glycholate 


10 



The above ingredients are mixed to form an injectable formulation. 
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Lactose 


148 


Magnesium Stearate 


2 



The above ingrediraits are mixed intimately and loaded into a hard-shell gelatin cjq)sule. 
EXAMPLE 3: SUSPENSION FORMULATION OF A COMPO UND OF THE INVENTION 

Table 4 



Component 


Amount 


Compound of the invention 


0.1g-1.0g 


Fiimaric add 


0.5 g 


Sodium chloride 


2.0 g 


Methyl paraben 


0.15 g 


Propyl paraben 


0.05 g 


Granulated sugar 


25.5 g 


Sorbitol (70% solution) 


12.85 g 


Veegum K (Vandearbilt Co.) 


1.0 g 


Flavorings 


0.035 ml 


Colorings 


05 mg 


Distilled water 


q.s. to 100 ml 



The above ingredimts listed in Table 4 are mixed to form a suspension for oral 
administration 



64 



wo 02/28810 



PCT/EPOl/11017 



p.l). For example, a therapeutically effective dose of a compound of the invention may be 
administered either orally or directly into the lung. 

The invention is further defined by reference to the following examples describing in 
5 detail the preparation of the compound and compoations of the mvention. It will be apparent 
to those skilled in the art that many modifications, both to mateials and methods, may be 
practiced without departing from die scope of the inventicMi. 



EXAMPLE 1: ORAL FORMULATION OF A COMPOU ND OF THE INVENTIQN 
1 0 Table 2 provides the ingredients for a tablet dosage form of a compound of the invention: 



Table 2 



Component 


Quantity per Tablet (mg) 


Compound of the invention 


0.1 - 10.0 


Lactose 


125.0 


Cornstarch 


50 


' 

Magnesium Stearate 


0.5 


Croscannellose S odium 


25 



The active ingredient a compound of the invention) is blended with the lactose 
15 until a uniform mixture is formed. The remaining ingredients are mixed intimately with the 
lactose mixture and are then pressed into single scored tabl^. 

EXAMPLE 2: ORAL FORAdULATION OF A COMPOUND OF THE INVENTION 

Capsules of a compound of the inv^tion suitable for the treatment of emphysema may 
20 be made using the ingredients provided hi Table 3 : 



Tables 



Component 


Quantity pa* capsule (mg) 


Compound of the invention 


0.1-5.0 
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invention occurs under these circumstances (Brazzel et aL, Eur. J. Clin. Phamu, (1983), 2A, 
695; Lucdc et aL, Clin. Pharmacokinetics, (1985), 10, 38). Those of skill in the art may 
estimate the appropriate systemic dosage levels of compounds of the invention necessary to 
treat emphysema, cancer or dermatological disorders in mammals (preferably, humans) using 
5 the pharmacokinetic parameters detennined by the above procedures in conjunction with 

animal model dosage data. 

Dosage amounts and intervals may be adjusted individually to provide plasma levels of 
a compound of the invention which are sufficient to maintain therapeutic effect Usual patient 
dosages for admmistration by injection range from 0.1 \ig and about 10.0 mg, preferably. 
10 between about 1.0 pg and about 1.0 mg, more preferably, between about 100.0 pg and about 
300.0 pg. Therapeutically effective serum levels may be achieved by administering a single 

daily dose or multiple doses each day. 

The amount of a compound of the invention administered will, of course, be dependent 
on, among otiier factors, the subject bang treated, the subject's wdght, tiie severity of tiie 

15 affliction, tiie manner of administration and die judgment of die prescribing physician. For 
example, die dosage may be deUvered in a pharmaceutical composition by a single 
administration, by multiple appUcations or contirolled release. Dosmg may be repeated 
intennittentiy, may be provided alone or in combination with otha drugs and wiU continue as 
long as required for effective ti^atment of emphysana. 

20 Preferably, a therapeutically effective dose of a compound of tiie invention described 

herein will provide tiierapeutic benefit witiiout causing substantial toxicity. Toxicity of 
compounds of die invention may be detainined using standard pharmaceutical procedures and 
may be readily ascertamed by tiie skilled artisan. The dose ratio between toxic and tiierapeutic 
effect is tiie tiierapeutic index. A compound of tiie invention will preferably eidubit particularly 

25 high tiierapeutic indices in ti-eating emphysema, cancer or dermatological disorders when 
compared to otiier retinoid agonists. The dosage of a compound of tiie inventions described 
herdn wiU preferably be witiiin a range of drculating concentrations tiiat include tiie effective 
dose wifli Btfle or no toxicity. The dosage may vary witiiin tiiis range depending upon flie 
dosage form employed and tiie route of admmisttation utilized. The exact formulation, route of 

30 administration and dosage can be chosen by tiie individual physician in view of ttie patient's 
condition (see, e.g., Kngl et aL, 1975, In: The Pharmacological Basis ofTherapeutics, Ch.l, 
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systemic dose (jsee^ e,g., Goodson, in Medical Applications of Controlled Release, supray vol. 
2, pp. US (1984)). Other controUed-rekase system may be used <see€.g.. Laager, Science^ 
(1990), 249, 1527). 

When a conq)ound of the invention is acidic, it may be included in any of the above- 
5 described formulations as the free add, a phamoaceutically aa:q>table salt, a pro-drug, solvale 
or hydrate. Pharmaceutically acceptable salts substantially retain the activity of the free acid 
and may be prepared by reaction with bases. Pharmaceutically acceptable salts include any 
known suitable salts of retinoic acids known in the art for administration to mammals. 
Pharmaceutical salts tend to be more soluble in aqueous and other protic solvents than the 
10 corresponding free acid form. Similarly, a compound of the invention may be included in any 
of the above-described formulations as a solvate, hydrate or pro-drug. Piefened pro-drugs 
include hydrolyzable ester derivatives such as aromatic esters, benzyl esters and lower alkyl 
esters such as ethyl, cyclopentyl etc. Oihet pro-drugs are known to those of skill in the 
pharmaceutical arts. 

15 

A compound of the invention, or compositions th^eof , will generally be used in an 
amount effective to achieve the intended purpose. Of course, it is to be understood that the 
amount used will dq>end on the method of administration. 

For use to treat or prevent emphysema, cancer or dmnatological disorders, compounds 

20 of the invention or compositions thereof, are administered or applied in a therapeutically 
effective amount Therapeutically effective amounts of compounds of the invention for 
systemic administration may be found in the detailed disclosure provided herein. 

Hie pharmacokinetic profile of the compounds of the invmtion is predictable andean 
be described by using linear pharmacokinetic theory. Importantly, die pharmacokinetics of 

25 compounds of the invention in humans may be readily determined by one of skill m ttie art 
The skilled artisan may detmnine a range of standard pharmacokinedc parameters aftor single 
oral dosing with a compound of the invention using procedures described in the art (see ^.^., 
Khoo etaL, J. Clin. Pharm, (1982), 22, 395; Colbum et al, J. Clin. Pharm, (1983), 21, 534; 
Colbum et aL, Eur. J. Clin. Pham., (19), 2^ 6&9). The ^lled artisan may also measure 

30 values of these pharmacokinetic paramet^ after multiple dosing, following procedures 

described in the art, to determine whether induction or accumulaticm of the conmound of the 
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phannaceutically acceptable carrio:. Preferably, the pharmaceuticaUy acceptable carrier is a 
liquid such as alcohol, water, polyethylene glycol or a perfluorocarbon. Optionally, another 
material may be added to alter the aerosol propalies of flie solution or suspension of 
compounds of the invention. Preferably, this material is liquid such as an alcohol, glycol, 
5 polyglycol or a fatty acid. Othar methods of formulating Uquid drug solutions or suspension 
suitable for use in aerosol devices are known to those of sJdll m the art (see, e.g., Biesalski, 
United States Patent No. 5.1 12,598; Biesalski, United States Patent No. 5,556,61 1, which are 

herein incorporated by reference) 

A compound of the invention may also be formulated m rectal or va^l compositions 
10 such as suppositories or retention enemas, e.g., containmg convmtional suppoatory bases such 
as cocoa butter or other glycerides. 

In addition to the formulations described previously, a compound of the invention may 
also be formulated as a depot preparation. Such long acting formulations may be administered 
by implantation (for example subcutaneously or intramuscularly) or by intramuscular injection. 
15 Thus, for example, a compound of die invention may be formulated vwfli suitable polymeric or 
hydrophobic materials (for example as an emulsion in an acc^table oil) or ion exchange resins, 
or as sparingly soluble derivatives, for example, as a sparingly soluble salt 

Alternatively, other pharmaceutical delivery systems may be employed. Liposomes and 
emulsions are well known examples of delivay vehicles that may be used to deliver a 
20 conq)Ound of die invention. Certain organic solvents such as dimethylsulfoxide also may be 
employed, altiiough usually at the cost of greata: toxicity. A compound of the invention may 
also be dehvered in a controlled release system. In one embodimaxt, a pump may be used 
(Sefton, CRC Crit. Ref. Biomed. Eng., (1987), u, 201; Buchwald et aL, Surgery, (1980), u, 507; 
Saudek et al., N. EngL J. Med., (1989), 321, 574). In anotho: embodiment, polymeric materials 
25 can be used {see Medical Applications of Controlled Release, Langer and Wise (eds.), CRC 
Pres., Boca Raton, Rorida (1974); ControUed Drug BioavailabiUty, Drug Product Design and 
P^ormance, Smolen and Ball (eds.), Wiley, New York (1984); Ranger and Peppas, /. 
Macromol ScL Rev. MacromoL Chenu, (1983), 23, 61; see aho Levy etal. Science (1985), 
228, 190; During etaL,Amu NeuroL, (1989), 25, 351; Howard et oL, (1989), J. Neurosurg. 71, 
30 105). In yet another embodiment, a controlled-release system can be placed in proximity of the 
target of a compound of the invention, e.g., die lung, thus requiring only a fraction of the 
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AstraZeneca^ GlaxoWellcome, IVAX, Schering Plough, SkyePhanna and Vectura. For 
example, capsules and cartridges of gelatin for use in an inhale or insufflatcx* may be 
formulated containing a powdo^ mix of a compound of the invmtion and a suitable powder 
base such as lactose or starch for these systems. 
5 Another type of device that may be used to deliv^ a compound of the invention to the 

lung is a liquid spray device supplied, for example, by Aradigm Corporation. Liquid spray 
systems use extremely small nozzle holes to aerosolize liquid drug formulations that naay then 
be directly inhaled into the lung. 

In one preferred embodiment, a nebulizer device is used to deliver a compound of the 

10 invention to the lung. Nebulizm create aerosols from liquid drug formulaticHis by using, for 
example, ultrasonic energy to form fine particles that may be readily inhaled (see e,g, , 
V^schoyle et al, British /. Cancer, (1999), u, Suppl. 2, 96, which is herein incorporated by 
reference). Examples of nebulizers include devices supplied by SheffidLd/Systemic Pulmonary 
Delivery Ltd. (See, Aimsx et aL, United ^States Pat^t No. 5,954,047; van da: Linden et al., 

15 United States Patent No. 5,950,619; van do: Linden a/.. United States Patent No. 5,970,974, 
which are herein incorporated by refarence), Aventis and Batelle Puhnonary Therapeutics. 

In another preferred embodiment, an electrohydrodynamic C*EHD*') aerosol device is 
used to deliver a compound of the invention to the lung. EHD aerosol xlevices use electrical 
energy to aerosolize liquid drug solutions or suspensions (see€.;g., Noakes et al.y United States 

20 Patent No. 4,76539; Coffee, United States Patent No. 4,962,S85; Coffee, PCT Application, 
WO 94/12285; Coffee, PCT AppUcation, WO 94/14543; Coffee, PCT Application, WO 
95/26234, Coffee, PCT Application, WO 95/26235, Coffee, PCT AppUcation, WO 95/32807, 

i 

which are herein incorporated by reference). The eiectrochamcal prop^es of a compound of 
the invention formulation may be in^>c»rtant parameters to optimize when delivering this 
25 compound to the lung with an EHD a^osol device and such c^timization is routinely 

performed by one of skill in the art. EHD aerosol devices may more rfficiently deliver drags to 
the lung than existing pulmonary delivery technologies. Other methods of intra-pulmonary 
delivery of a compound of the invention will be known to the ^Ued artisan and are within the 
scope of the invention. 

30 Liquid drug formulations suitable ibr use with nebulize and liquid spray devices and 

EHD aerosol devices will typically include a conqpound of the invention with a 
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polyvinylpyiroHdone, agar, or alginic acid or a salt thereof such as sodium alginate. If desired, 
soUd dosage forms may be sugar-coated or enteiic-coated using standard techniques. Methods 
for formulating retinoid agonists for (xal administration have heea described in the art (See, 
e.g., the formulation of Accutane®, Physicians' Desk Reference 54* Ed., p. 2610, 2000). 
5 For oral liquid prq>arations such as, for exaitq)le, suspaiaons, elixirs and solutions, 

suitable carriers, excipients or diluents include water, saline, alkyleneglycols (e.g., propylene 
glycol), polyalkylene glycols (e.g., polyethylene glycol) oUs, alcohols, slighfly acidic buffers 
between pH 4 and pH 6 ie.g., acetate, citrate, ascorbate at between about 5.0 mM to about 50.0 
nM) etc. Additionally, flavoring agents, preservatives, coloring agents, bile salts, 

10 acylcamitines and tiie like may be added. 

For buccal administration, the compositions may take the form of tablets, lozenges, etc. 

formulated in conv^tional manner. 

A compounds of the invention may also be administered directly to the lung by 
inhalation for the treatment of emphysema (see e.g., Tong et aL, PCT Application, WO 
15 97/39745; Clark et al, PCT AppUcation, WO 99/47 196, which are herein incorporated by 

reference). For adminislxation by inhalation, a compound of the invention may be convaiiently 
deUvered to the lung by a number of different devices. For example, a Metaed Dose Inhaler 
("MDrO which utilizes canistras that ccMitain a suitable low boiling propellant, e.g., 
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetiafluoroethane, carbon dioxide or 
20 otha suitable gas may be used to ddiver compounds of the invention direcfly to the lung. MDI 
devices are available from a number of suppliers such as 3M Corporation, Aventis, Boehringer 
Ingleheim, Forest Laboratories, Glaxo-WeUcome, Scheting Hough and Vectura. 

Alternatively, a Dry Powda Inhala: (DPI) device may be used to administer a 
compound of the invaition to the lung (See, e.g.,. Raleigh et al., Proc. Amer. Assoc. Cancer 
25 Research Annual Meeting, (1999), 4a 397, which is herein incorporated by reference). DPI 
devices typically use a mechanism such as a burst of gas to create a cloud of dry powder inside 
a container, which may then be inhaled by the patient DPI devices are also weU known in die 
art and may be purchased from a number of vendors which include, for example, Hsons, 
Glaxo-WeUcome, Inhale Therapeutic Systems, ML Laboratories, Qdose and Vectura. A 
30 popular variation is the multiple dose DPI ("MDDPF) system, which allows for the delivery of 
more than one therapeutic dose. MDDPI devices are available from companies such as 
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compositions may be f onnulated in conventional manner using one or mort physiologically 
acceptable carriers, diluents, excipients or auxiliaries, which facilitate processing of compounds 
of the invention into preparations which can be used pharmaceutically. Proper formulation is 
dependent upon the route of administration chosen. 
5 For topical administration a compound of the invention may be formulated as solutions, 

gels, ointmCTts, oreams, susprasions, etc. as are well-known in the art 

Systemic formulations include those designed for administration by injection, e.g. , 
subcutaneous, intravenous, intramuscular, intrathecal or intraperitoneal injection, as well as 

« 

those designed for transdermal, transmucosal, oral or pulmonary administration. Systemic 

10 formulations may be made in combination with a furtha: active agent that improves 

mucociliary clearance of airway mucus or reduces mucous viscosity. These active agents 
include but are not limited to sodium channel bloctos, antibiotics, N-acetyl cysteine, 
homocystdne and phospholipids. 

For injection, a compound of the invention may be formulated in aqueous solutions, 

1 5 preferably in physiologically compatible buffears such as Hanks' solution, Ringer's solution, or 
physiological saline buffer. The solution may contain f ormulatory agents such as suspending, 
stabilizing and/or disp^ing agents. 

Alternatively, compounds of the invention may be in powder form for constitution with 
a suitable vehicle, e.g., stadle pyrog»-free wat^, before use. 

20 For transmucosal administration, penetrants api»opriate to the barrier to be permeated 

are used in the formulation. Such penetrants are genially known in tiie art 

For oral administration, a compound of the invention can be readily formulated by 
combination with pharmaceutically acceptable carriers well known in the art Such carriers 
enable the compounds of the invaition to be formulated as tablets, pills, dragees, capsules, 

25 liquids, gels, syrups, slurries, su^ensions and the like, for oral ingestion by a patient to be 
treated. For wal solid formulations such as, for example, powd^,icapsules and tablets, 
suitable exdpients include fillers such as sugars, such as lactose, sucrose, mannitol and 
sorbitol; cellulose preparations such as maize starch, wheat starch, rice starch, potato starch, 
gelatin, gum tragacanth, metiiyl cellulose, hydroxypropyhnethyl-cellulose, sodium 

30 carboxymethylcellulose, and/or.polyvinylpyrrolidone <PVP); granulating agents and binding 
agents. If desired, disintegrating agrats may be added, such as the cross-linked 
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1000 nm and show a five to ten fold selectivity over binding to the RAR a receptor. It should 
be noted that RAR agonists that are not y selective may be effective in treating emphysema. 
Transactivation. which is the ability of a retinoid to activate gene transcription when gene 
transcription is initiated by the binding of a Ugand to the particular retinoic add receptor being 
5 tested, may be determined by using methods described in the art (Apfel et aL, Proc. Natl. Acad. 
ScL, (1992), 89, 7129; Bernard et aL, Biochem. And Biophys. Res. Comm., (1992), 186. 977 
which is herdn incorporated by reference 

The suitabifity of the compounds of the invention in treating dOTnatological disorders 
caused by Ught or age and wound healing may be determined by metiiods described inlhe art 
10 (Mustoe et oL, Science 237, 1333 (1987); Sprugel et aL, J. PathoL, m 601, (1987), which are 
herdn incorporated by reference). Methods described in die art may be used to determine tiie 
usefulness of the compounds of the invention to treating dermatological disorders such as acne 
or psoriasis (Boyd. Am. J. Med, 86, 568, (1989) and references therdn; Doran etaL, Methods 
in Enzymology, 190. 34. (1990), which are herdn incorporated by reference). Finally, die 
15 abiUty of die compounds of die invention to tireat cancer may also be determined by methods 
described in the art (Spom et aL, Fed Proc. (1976), 1332; Hong et oL, 'Ttetinoids and Human 
Cancer" in The Retinoids: Biology, Chemistry and Medicine, M. B. Spom, A. B. Roberts and 
D.S. Goodman (eds.) Raven Press, New Yoric, 1994, 597-630, which are herdn incc«porated by 
r^erence). 

20 When used to treat or prevent emphysema or related diseases, cancer or dermatological 

disorders, compounds of the invention may be administered or appUed singly, in combination 
with otiier agents. The compounds of tiie invention may also be administered or appfied singly, 
in combination witii otiier pharmaceutically active agents including oflier compounds of die 
invention. A compound of the invention can be administered or appfied per se or as 

25 pharmaceutical compositions. The spedfic pharmaceutical formulation will dq)end upon die 
dedred mode of administration, and will be apparent to tiiose having skiU in die art. Numerous 
compositions for die topical or systemic administration of retinoid agonists are known in the 
art Any of tiiese compodtions may be formulated widi a compound of die invention. 
Pharmaceutical compodtions conqmdng a compound of die invention may be 

30 manufacmred by means of conventional mixing, dissolving, granulating, dragee-making, 
levigating, emuldfying, encapsulating, entrapping or lyophilidng processes. Pharmaceutical 



S6 



<VVO 0226ei(M2 I > 



wo 02/28810 PCT/EPOl/1 1017 

Also provided is method of preparing a compound of Formula VI, where n and t are 1 , 
is CO2H or COa-alkyl, is -(CR^^'^)m-R^^ and R^ is H and R^^ is heteroaryl. 




VI 

5 comprising: treating a compound of Formula VH 




O2H 



10 where G is a leaving group with a nucleophile R^^-H; and when R is CQralkyl hydrolysis wifli 
abase. 

Compounds of the invention disclosed h^ein are usrful for promoting the r^air of 
damaged alveoli and sq)tation of alveoli. Thus, methods of the invention may be employed to 

15 treat pulmonary diseases such as emphysema. The methods of treatment using a compound of 
the invention disclosed herein also may be used to treat cancer and dCTnatological disorders. 

The retinoic acid receptor agonist selectivity of a compound of die invention may be 
determined by using Bgand binding assays known to the skilled artisan (Apfel et al., Proc. NatL 
Acad ScL, (1992), 89, 7129; Tcng etaL, /. Med. Chenu, (1997), 40, 2445; BvyccetaL, United 

20 States Patent No. 5,807,900 which are herein incorporated by reference). Treatment with KPiR 
agonists, particularly RAR y agonists may promote repair of alyeolar matrix and sq)tation, 
which are in important in treating emphysema. Preferably, compounds of die invention are y 
selective agonists that bind to the y receptor with affinities i>etween about 25 nm and about 
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Alteamatively, compounds of formula I where is a diol may be prepared as 
exemplified in Scheme 12. Olefin 198 can be treated with osmium tetroxide to afford the ds 
diol 212. Protection of 212 as kelal 214 was followed by convexsi<m to aldehyde 216 by 
sequential treatment with n-butyl fifliium and N-formylpiperidine. Homer-Emmons olefination 
5 with the appropriated phosphonate provided 218 and deprotection was followed by reprotection 
to the bis-acetate 220 with acetic anhydride in pyridine. Free radical bromination of 220 gives 
bromide 222 which may be directly displaced with an appropriate nucleophile to provide 
compounds where m = 1 or may be homologated with appropriate carbm nucleophiles to 
provide compounds where m is greats than 1. 

10 





80 



224 






230 



Compounds of Formula 1 where A = CH2 and B = CH2O may be prepared as described 
15 in Scheme 13. Treatment of intermediate 80 with an appropriate heteroaromatic nucleophile 
under basic conditions(e.g. pyrazole, and potassium tert-butoxide in THF) affords 224. 
Treatment of 224 with trimethoxyvinylsilane , palladium acetate, tti-o-toMyphopsme in NMP 
gives vinyl intermediates 226. Hydraboration-oxidation of 226 with 9BBN in THF, foUowed 
by oxidation widi 30% hydrogen peroxide gave hydroxyethyl intermediate 228. Mitsonobu 
20 coupling of 228 with methyl -4-hydroxybenxoate with tiiphenylphosphine and 

diethylazodicarboxylate in THF, followed by ester sajKHiication affords retinoid analogs 230. 
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SCHEME 11 

Compounds of fomiula I where is a diol may be prq)ared as exemplified in Schemes 
1 1 and 12. Saponification of acetate intexmediate 124 undo: basic conditions gives alcohol 196 

5 and ddiydration upon treatment with POCI3 and pyridine provides olefin 198. Epoxidation of 
198 with MCPBA affords 200 . The epoxide can be open opened under acidic <:onditions to 
give the trans acetate diols which can then be hydrolysed under basic conditions to give the 
trans diol 202. Protection of the diol as the dimethyl ketal 204 using 2,2 dimethoxypropame 
under acidic conditions is followed by conversion to aldehyde 206 by treatment witii n-butyl 

10 lithium and N-formyl piperidine. Homer-Emmons olefination of alddiyde 206 with the 
appropriate phosphonate gives 208, which may be converted to teomide 210 by free radical 
brominadon. Bromide 210 may be directly displaced witti an appropriate nucleophile to (oovide 
compounds where m = 1 or may be homologated with appropriated carbon nucleophiles to 
provide compounds where m is greater than 1 . 

15 



SCHEME 12 




220 222 
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■SCHHVIE 10 




210 



Alternatively, compounds of formula I whae is oxo may be prepared as exemplified in 
5 Scheme 10. Aldehyde 168 can be protected as acetal 182 by treatment with ethylene glycol 

under acidic catalysis and the acetate cleaved under basic conditions to give alcohol 184. 

Oxidation with Dess-Martin reagent provides ketone 186 and acetal cleavage under acidic 

conditions gives aldehyde 188. Homer-Emmons olefmation with ihe appropriate phosphonate 

provides 190 and Stille coupling with hydroxymethyltributyltin affords 192. 
10 MBS bromination provides bromide 194, which may be directly displaced with an appropritate 

nucleophile to provide compounds where m = 1 or may be homologated with appropriate 

carbon nucleophiles to provide conqx)unds whare m is greater than 1. 
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SCHEME 9 




Compounds of formula I where is oxo may be prepared as exemplified in Schemes 9 and 10. 
5 Acetate ester 126 is cleaved under basic conditions and then reesterified to give 176 using 
trim^ysilyldiazom^ane. Oxidation of 176 with Dess-Martin reagent affords ketone 178, 
which may be converted to bromide 180 by free radical teominalion. Bromide 180 may be 
directly displaced with an appropriate nucleophile to provide compounds where m = 1 or may 
be homologated with appropriate carbon nucleophiles where m is greater than 1 . 

10 



15 



20 
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SCHEMES 




Alternatively, compounds of famula I where is hydroxy may be prepared as exemplified in 
5 Scheme 8. Intennediate acetate 124 can be biominated to prepare 166, followed by treatment 
with the anion prepared from 2-nitropropane to afford aldehyde 168. Homer-Emmons 
olefination provides compound 170 and Stille coupling wifli hydroxymethyltiibutyltin affords 
172. NBS bromination of 172 affords bromide 174. Bromide 174 may be direcfly displaced 
with an appropriate nucleophUe to provide compounds where m =1 or may be homologated 
10 witii ^opiiate carbon nucleophiles to provide compounds where m is greater than 1 . 
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Scheme 6. Homer-Emmons olefination of 84 with an appropriate phosphonate ester provides 
bromide 118. Treatment of 118 with hetoroaryl boronales or aryi boronates in the presmce of 
palladium catalyst affords the respective h^oaryl substituted analogs or aryl substituted 
analogues, which upon ester hydrolysis gives compounds 120 with an hetaoaryl group or an 
5 aryl group directly attached to the aromatic ring. 



SCHEME? 




128 

10 

Compounds of formula I where is hydroxy may be prepared as exemplified in 
Schemes 7 and 8. Tetralone 122 may be prq)ared by condensation of dihydro-2,2,5,5 
tetramethyl-3(2H) furanone with toluene. Reduction and protection using standard reagents 
provides acteate 124. Bis-palladium cross coupling using 4-bromo-ethyl-benzoate and 
15 tiimethoxy vinylsilane provides compound 126, which may be converted to bromide 128 by free 
radical bromination. Bromide 128 may be directly displaced witii an appropriate nucleophile to 
provide compounds where m = 1 or may be homologated with appropriate carbon nucleophiles 
to provide compounds whore m is grater than 1 . 
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an organometallic reagent such as n-BuIi, followed by addition of heteroaryl aldehydes affords 
alcohols 112. Catalytic hydrogeaiolysis with noble metal catalysts in the presence of hydroga 
removes both the hydroxyl group and the acetal protecting group to provide aldehyde 114. 
Homer-Emmons olefination with an appropriate phosphonate ester followed by est^ hydrolysis 

5 provides compound 116. 

AltOTiatively, treatmeat of 84 witfi an aryl zinc reagent undo: palladium catalysis 
affords aldehyde 114 where R is substituted aryl, after removal of the acetal undo: acidic 
conditions. Homer-Emmons olefination of 114 wifli an appropriate phosphonate ester followed 
by ester hydrolysis provides compound 116. 

10 Alternatively, dibromo intermediate 80 may be treated with NaO^ , followed by 

reaction with an organometallic heteroarmatic reagent to give 111. Hydrolysis of 111 to die 
corresponding acid, followed by decarboxylation gives intermediate 113. Double Heck 
reaction, furst witii trimetiioxyvinlysilane and then wifli metiiyl-4-bromob«izoate, followed by 
hydrolysis gives retinoid analogs 116. 

15 

SCHEME 6 




120 



Compounds 120 where R^^ is a het^oaryl group or an aryl group directly attached to die 
20 aromatic ring of flie tetrahydronapflialene can be prq?ared according to the mettiod dq)icted in 
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olefination of 104 provides csta intennediates 106 and ester hydrolysis yields products 108 
with an aromatic ring substituted with a nitrogen heteroaromatic. 

Alternatively, treatment of tfaio-hetax)aron3atics vnttt sodium hydride in a polar apcoAc 
solvent followed by addition of fluoroaldehyde 102 afforded intermediates 104 with a 
5 thioheteroaromatic group directly attached to the aromatic ring. As before, Homer-Enunons 
olefination of 104 provided est^ intermediate 106 followed by ester hydrolysis to afford 
products 108 v^th an aromatic ring substituted with a sulfur heteroaromatic. 

SCHEMES 

10 




Compounds 116 where m is 1 and R^^ is a heteroaryl group linked through carbon or an 
aryl group can be prepared according to the method depicted in Scheme 5. Bromoaldehyde 
intennediates 84, previously described, can be protected as acetals 110. Treatment of 110 with 
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SCHEME 4 
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96 





98 



100 





102 



104 



10 





106 



108 



Compounds 108 where R is a nitrogen-heteroaromatic, with nitrogai directly attached 
to tfie anMnatic ring or a thio-heteroaromatic, with sulfur directly attached to the aromatic ring 
may be prepared by the method depicted in Scheme 4. Huoro substituted 5,5,8.8-teteramethyl- 
5,6,7,8-tetrahydronaphAalenes 98 can be prq)ared by Friedel-Crafts reaction of 23-dichloro- 
2^-dimethylhexane with 2-fluorotoluene 96. FIuoto alddiydes 102 may be made by beaazyUc 
bromination of 98 with N-bromosucdnimide and benzoyl peroxide to give 100, followed by 
treatmoit of bromide 100 with the anion of 2-mtropropane. Direct displacemait of the fluoro 
ffoap of 102 with a nitrogra hetaoaromatic molecule undo- basic conditions (potassium 
carbonate) in an aprotic solvent with heating, affords intermediates 104. Homer-Emmons 
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For compounds of Formjula 1 where Z = acetylme and L = h^eroaryl, as shown in 
Scheme 3b, intermediate 88 may be treated und^ Hom^-EnmKms olefinadon conditions with 
the appropriate phosphonate to give E olefins and subsequmtly hydrolyzed to provide retinoid 
analogs 81. 

5 For compounds of Formula 1 where Z = olefin and L = hetoroaryl, intermediate 82 may 

be treated with trans-1 ,2-bis (tri-n-butylstannyl)ethylene and tetrakis 
(triphenylphosphine)pal]adium in toluene under reflux, followed by addition of halo 
het^oaromatics to affcxrd olefm 83* Homer-Emmons ol^ation of 83 with the appropriate 
phosphonate ester followed by hydrolysis provides retinoid analogs 85. Alternatively for R = 

10 vinylsulfone, treatment of intermediate 82 with methyl vinyl sulfone, 

tetrakis(triphenylphosphine)palladium and TEA in DMF affords vinyl sulfone intermediate 87. 
Olefination, followed by hydrolysis provides retinoid analogs 89. AltOTiatively for = 
vinylsulfonamide, treatment of intermediate 82 with tert* 
butyl[diphenylphosphoryl)mediyl]sulfonylcarbamate and NaH in DMF affords 

15 vinylsulfonamide intmnediate 91. Treatment of 91 with tributylstannylmethane and 
tetrakis(triphenyl phosphine) palladium in dioxane gave hydroxymethyl intermediate 93. 
Oxidation of 93 with 14,l.triacetoxy-l,l.l-l,l-dihydro-l,2-benziiodoxol-3(lH)H^^ 
aldehyde 95 and olefination, followed by hydrolysis gives retinoid analog 97. 
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SCHEME 3b 



88 



82 



82 
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which is followed by reaction with halogaiatedhet^roaromatics, 
dichlorobis(triphenylphosphiBe) palladium (II), cuprous iodide and triethylamine to yield 
acetylenic heteroaromatic intermediates 88. Catalytic hydrogenation of acetylenes 88 afforded 
the saturated hetearoaromatic intermediates 90. Homa'-Emmons oldBnaticm of 90 witii the 
appropriate phosphonate ester yields E olefins 92. The ester may Aen be hydrolyzed to provide 
retinoid analogs 94. 
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SCHEME 3a 




52 




80 




82 




84 




86 




88 




90 




92 




94 



10 



For compounds of fonnula I, where m = 2, an altenuitive method is depicted in Scheme 
3. Bromo substituted 5^,8,8-tettaniethylr5,6,7.8 tetrahydronapthalenes 62 described in Scheme 
1 may converted to bromoaldehydes 82 by benzylic bromination widi N-bromosuccinimide and 
boizoyl peroxide to afford 80, foUowed by treatment with 2-nitropropane and sodium hydride. 
Treatmait of bromoaldehyde 82 with trimeJhylsilylacetylene, 

dichlorobis(triphenylphosphine)palIadium (II), cuprous iodide and triethylamine afforded 
silyated acetylene compounds 84. Removal of the trimethylsilyl group with base provides 86 



42 



wo 02/28810 



PCT/EPOl/11017 



provide compounds 71. Bromides 71 can be converted to alddiydes 72 in one step 0'.^., 
halogen-metal exchange with n-butyl Bthium, followed by treatment with N-formylpipOTdine). 
AltOTiatively, aldehydes 72 may be made from bromides 70 by a two step procedure {Le., 
CuODCN to provide a nitrile and reduction with di-isobutyl aluminum hydride). Otha: mediods 
5 for effecting conversion of bromides 70 to alddiydes 72 are within the capability of those of 
skill in the art 

Homer-Emmons olefination of aldehydes 72 with an apprc^riate phosphonate ester may 
be used to provide E olefins 74. The protecting group may be removed from compounds 74 
(Le., aqueous tetrabutyl ammonium fluoride) to provide alcohols 76. In a prrfcared 

10 embodiment, alcohols 76 may be converted by Mitsonobu reaction^ {Le. , alkyltfaiols, 

triphenylphosphine and diisopropyl azodicarboxylate) to thiol analogs 78 (R = alkylthio). 
Alternatively, the hydroxyl functionality of compounds 76 may be activated by conversion to 
the mesylate (MsCl, EtsN) followed by displacement reactions witii nitrogen or oxygen 
nucleophiles to provide compounds 78 (R = alkoxy, amino, alkylamino, dialkyamino etc.). 

1 5 Other methods for effecting conversion of alcohols 76 to compounds of the invention are 
known to the skilled artisan. Ester hydrolysis may be used to provide the free adds of 
compounds 78. 
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SCHEME 2 





68 



CH2)mOH 




CH2)mOH 




Br 



CH2)n,0H 



S<^^^«^^^CH2)n,0SiTBDM 




Br 



CH2)mOSiTBDM 



72 




O2M0 



CH2)mOSiTBDM 




CH2)mOH 



76 




.CH2)mR 



78 



OgMe 



Compounds 78 of fonnula (I) where n = 0, 1 or 2, m is 2-10 and R*^ is alkoxy, 
alkylthio, heteroaryU heterocyclyl. amino, alkylamino etc. may be prepared as described in 
Scheme 2. Hydroxyalkyl substituted 5,5,8,8-5.6.7,8 tetrahydronapthalenes 69 are readUy 
10 accessible by Friedel-Ciafts reaction of 2,4-dichloro.2.4-dimefliylpentane, 2,5-dichloro-2,5- 
dimetiiylhexane or 2,6-dichloro-2,6-dimefliyIheptane 60 witii hydroxyalkylbenzenes 68. 
Bromination of hydroxyalkyl-5,5.88-5,6.7,8 tetrahydronaptiialenes 69 affords aryl bromides 70. 
The hydroxyl group of 70 can be protected t-butyldimethylsilyl chloride and imidazole) to 
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NEW RETINOIDS FOR THE TREATMENT OF EMPHYSEMA 



The invention relates to novel retinoid compounds and methods of synthesis thereof. 
5 The invmtion also relates to the use of such compounds for the prqparation of medicaments for 
treating or preventing different diseases, methods of using these novel retinoid compounds, and 
pharmaceutical compositions thereof. 

The retinoids are structural analogues of vitamin A and include both natural and 
synthetic compounds. Retinoid compounds such as all trans retinoic acid ("ATRA")» 9-ci5- 
10 retinoic acid, trans 3-4 didehydroretinoic acid, 4-oxo retinoic acid, IS-cis-retinoic acid and 
retinol are pleiotrophic regulatory compounds that influence a large number of inflanamatoiy, 
immune and stmctural cells. 

For example, retinoids modulate epitiielial cell proBfaration, morphogenesis in lung and 
diffCTentiation through a series of hormone nuclear receptors that belong to the stearoid/thyroid 
15 receptor superfamily. The retinoid receptors are classified into the retinoic acid receptors 

(RAR) and die retinoid X receptors (RXR) each of which consists of tiiree distinct subtypes (a, 
P and 7). 

ATRA is the natural ligand for the retinoic add receptors and binds with similar affinity 
to die a, p and Y subtypes. A quantitative structure-activity relationship has been established 
20 for a number of syntiietic RAR a, p and y retinoid agonists, which has elucidated flie principal 
electronic and structural characteristics that provide selective affinity for each RAR subtype 
(Douget etal. Quant. Struct Act, Relat., 18, 107. 1999). 

ATRA does not bind to RXR, for which 9-cw-retinoic acid is the natural ligand. A 
number of syntiietic RXR a, p and y retinoid agonists have also been described ui tiie art {See, 
25 e.g., Billoni et al,, U.S. Patent No. 5,962,508; Klaus et al., U.S. Patent No. 5,986,131. 

In tissues ottier than puhnonary tissues, retinoids typically have anti-inflammatory 
effects, can alter die progression of epithelial cell differentiation and may inhibit stromal cell 
matrix production. These biological effects of retinoids have led to die development of many 
30 topical agents for dermatological disorders such as psoriasis, acne, and hypertrophic cutaneous 
scars. Retinoids have also been used in the treatment of light and age damaged skin, the 



wo 02/28810 PCT/EPOl/1 1«17 

healing of wounds caused, for example, by surg«y and bums (Mustoe-ef aL, Science 237, 1333 
1987; Spnigd et al, J. Pathol, 129, 601, 1987; Boyd. Am. J. Med., 86, 568, 1989) and as anti- 
inflanunatory agaits for treatmoit of arthritis. Olha: medicinal q)plications of retinoids 
include the control of acute promyelocytic leukemia, adeno and squamous cell carcinoma and 

5 hq)atic fibroas. Retinrads have also been used extaiaively in treatment of |Hemalignant 
q)ithelial lesions and malignant mmors (carcinomas) of q)itiidaal origin (Bollag et aL, United 
States Patent No. 5,248,071 ; Spom et al.. Fed. Proc. 1976, 1332; Hong et aL, "Retinoids and 
Human Cancer" in TTie Retinoids: Biology, Chemistry and Medicine, M. B. Spom, A. B. 
Roberts and D.S. Goodman (eds.) Raven Press, New York, 1994, 597-630). However, many 

10 retmoids previously studied oftai lack selectivity and consequoitly exat harmful pldotrophic 
effects and may cause patient deafli when used in therapeutically effective amounts. Thus, the 
thCTapeutic use of retincnds in diseases oflier flien canca has beai limited by toxic side effects. 
A general review of retinoids can be found in Goodman & Gitaoan's *The Pharmacological 
Basis of Therapeutics", 9'^ edition (1996, McGraw-Hill) Chapters 63-64. 

15 

C3rranic Obstractive Puhnonary Disease ("COPD") refers to a large group of lung 
diseases which prevent normal respiration. Approximately 1 1% of the population of the United 
States has COPD and available data suggests tiiat flie incidence of COPD is increasing. 
Currently, COPD is the fourth leading cause of mOTtality in the United States. 

20 COPD is a disease in which die lungs are obstructed due to the presaice of at least wie 

disease selected from asthma, emphysema and chronic bronchitis. The torn COPD was 
introduced because these conditions oftai co-exist and in individual cases it may be difficult to 
ascotain which disease is responsible for causing the lung obstruction (i987 Merck Manual). 
Clinically, COPD is diagnosed by reduced expiratory flow frcan the lungs that is constant ovei 

25 several maitiis and in the case of chnmic bronchitis persists for two ot more consecutive yeare. 
The most severe manifestations of COPD typicaUy include synq)tO[ms charactoistic of 
emphysema. 

Emphysema is a disease wh€a-e tiie gas-exchange stroctures (e.g., alveoli) of die lung are 
destroyed, which causes inadequate oxygenation tiiat may lead to disability and deatiL 
30 Anatomically, emphysema is defined by permanait airspace enlargement distal to terminal 
bronchioles ie.g., breathing ttibes) which is characterized by reduced lung elasticity, decreased 

2 



wo 02/288J0 PCT/EPOl/11017 



alveolar surface area and gas exchange and alveolar destruction that results in decreased 
respiration. Thus, the characteristic physiological abnormalities of emphysema are reduced gas 

exchange and txpaatocy gas flow. 

agarette smoking is the most common cause of emphysema althou^ odier 

5 envinaimental toxins may also contribute to alveoU destruction. The injurious conqwunds 
present in tiiese harmful agents can activate desti^ctive processes that include, for example, die 
release of excessive amounts of proteases that overwheUn nonnal protective mechanisms, such 
as protease mhibitors present in the lung. The imbalance between proteases and protease 
inhibitors present in die lung may lead to elastin matrix destruction, elastic recoU loss, tissue 

10 damage, and continuous lung function decfine. The rate of lung damage may be decreased by 
redudng the amounts of toxins in die Umg by quitting smoking). However, die damaged 
alveolar structures are not repaired and lung function is not regained. At least four different 
types of emphysema have been described according to fb&r locations in die secondary lobule: 
panlobar emphysema, centrilobular emphysema, distal lobular emphysema and paradcatrical 

IS emphysema. 

The major symptom of emphysema is chronic shortness of breadL Odier important 
symptoms of emphysema include but are not limited to chronic cough, coloration of die skin 
caused by lack of oxygen, shortness of breadi witii minimal physical activity and wheezing. 
Additional symptoms tiiat may be associated with emphysema inchide but are not limited to 
20 vision abnormalities, dizziness, temporary cessation of respiration, anxiety, swelling, fatigue, 
insomnia and memory loss. Emphysema is typically diagnosed by a physical examination fliat 
shows decreased and abnormal breathing sounds, wheezing and prolonged exhalation. 
Puhnonary function tests, reduced oxygen levels in die blood and a chest X-ray may be used to 

confirm a diagnosis of enq>bysema. 

25 No effective mediods for reversing die clinical indications of emphysema currenUy exist 

m the art In some instances, medications such as bronchodilators, p-agonists, dieophyUine, 
anticholinergics, diuretics and corticosteroids delivered to die lung by an inhaler or nebulizer 
may improve respiration impaired by emphysema. Oxygen treatment is ftequently used in 
situations where lung function has been so severely impaired fliat sufficient oxygen cannot be 

30 absorbed from die air. Lung reduction surgery may be used to treat patients witii severe 
emphysema. Here, damaged portions of die lung are removed, which allows die normal 
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portions of the lung to txpond more fully and b^efit from increased ao-ation. Fmally, lung 
transplantation is another surgical alternative available to individuals vidth emphysema, which 
may increase quality of life but does not significantly improve life expectancy. 

» ■ 

5 Alveoli are fonned during development by division of sacchules that constitute the gas- 

exchange elements of die immature lung. The precise mechanisms governing formation of 
septa and their spacing remain currently unknown in primates. Retinoids such as ATRA, which 
is a multifunctional modulator of cellular behavior that may alto: both extracellular matrix 
metabolism and normal epithelial differentiation, have a critical regulatory role in manmials 

10 such as the rat For example, ATRA modulates critical aspects of lung differentiation through 
binding to specific retinoic add receptors that are selectively temporally and spatially 
expressed. Coordinated activation of different retinoic acid receptors subtypes has been 
associated with lung branching, alveolization/septatiOT and gcac activation of tropoelastin in 
neonatal rats. 

15 During alveolar septation, retinoic acid storage granules increase in the fibroblastic 

mesenchyme surrounding alveolar walls (Liu et cd.. Am. /. Physiol 1993, 265, L430; 
McGowan etoL^AntJ. Physiol, 1995, 269, L463) and retinoic acid receptor expression in the 
lung peaks (Qng etal., Proc. Natl Acad. ofScL, 1976. 73, 3976; Grummer et al., Pediatr, 
Pubn. 1994* 17, 234). The dq)Osition of new elastin matrix and septation parallels depletion of 

20 these retinoic acid storage granules. Postnatal adrainistration of retmoic acid has been shown to 
increase the number of alveoli in rats, which supports the concept tfiat ATRA and other 
retinoids may induces alveoli formation (Massaro et al, Anu J. Physiol, 270, L305, 1996). 
Treatment of newborn rat pups with dexamethasone, a glucocorticosteroid, prevents septation 
and decreases expression of some sub-types of retinoic acid receptor. Supplemental amounts of 

25 ATRA have been shown to prevent dexametiiasone inhibition of alveoli formation. Furthff, 
ATRA prevents dexamethasone from diminishing retinoic acid receptee e^qnessicm and 
subsequent alveolar septation in developing rat lung. 

ATRA has been reported to induce formation of new alveoli and returns elastic recoil in 
the lung to approximately normal values in animal models of emphysema <Massaro et al, 

30 Nature Med., 1997, 3, 675; "Strategies to Augment AlveoUzation," National Heart, Lung, and 
Blood Institute. RFA: HI^98-01 1, 1998; Massaro a/.. United States Patent No. 5,998,486). 
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Howevor, the mechanism of action of ATRA in these studies remains undefined, although 
Massaro reports that ATRA generates new alveoli. Mwe importantly, tiie use of ATRA 
presents sevoal toxicity or advise effects concerns. 

Thus, novel retinoid ag<Miists useftil for treating damatologjcal disorders, emphysana 
5 and cancer without the toxicity problems of ATRA or other retinoids are highly desirable. 

The currait invaition provides novel retinoid agonists, a mediod fOT the synthesis, 
the use of such compounds for the preparation of medicaments for treating or preventing 
emphysema, cancer and dennatological disorders, methods of treating or preventing sudi 
10 diseases, pharmaceutical compositions suitable for the treatment or prevention of such diseases, 
and metiiods for delivering formulations of novel retinoids into die lung of a mammal suffering 
from emphysema, canca and dennatological disordos. 

In one embodimmt, the invaition provides confounds having tiie structural formula 

®: 

15 




I 



or a pharmaceutically acceptable salt, solvate or hydrate thereof wherdn: 
n is an intega from 0 to 2; 
c is 0 or 1; 
20 disOcH^l; 

A is -C(=0)-, -C(=CH2)-, -a^^^NR")- or -CR'R^S 

R* is hydrogoi, alkyl, hydroxy, alkoxy ot amino; and 

R^ and R^ are independentiy hydrogen, alkyl or togeflier, along with the carbon 

to which they are both attached, are cycloalkyl; 
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B is -C(0)0-, -Oaoy, -C(0)NH-, -NHG(0)-, -NHC(0)NH., -CR^=CR^-, 
.R^C=CR^-C(0)-, -cm:-, -C<:-C(0)-., -CHiO, -CHiS-, -OCHr, -SCH2-, -COCH2-, or - 
CH2CO-; 

and R^ are indepaidaitly hydrogen or alkyl; 
with the provisos that: 

when A is -C(=0)., or -C(=NRV. then B is not -CX:(0)-; and 
when A is -C(=CH2)-, then B is not -OC(0)- ; 
X is aryl or heteroaryl; 
B} is -C(=0).R^ 

R^ is alkyl, cycloaDqrl, cycloalkyl-allcyl, hydroxy, aDcoxy, aiyloxy, 
cycloaBkyloxy, cycloalkyl-alkyloxy, arylalkyloxy, amino, alkylamino, dialkylamino, 
heteroalkyloxy, heteroalkylaniino, heteroalkylthio, heterocyclyl or beterocyclylalkyl; and 
R^ is: 

(a) .(CR^ V^)m-Yp-R^^; 

m is an integer from 1 to 10; 
pis 0 or 1; 

R*^ and R" are independently hydrogen, alkyl, hydroxy or hydroxyalkyl; 

Y is -0-, -S(0)q- or -NR^^s and 

q is an mteger from 0 to 2; and 

R^^ is hydrogen or alkyl; 

R^^ is hydrogen, alkyl, cycloalkyl, cycloalkyl-alkyl, aryl, arylalkyl, 
hetCToaryl, heteroarylalkyl, acyl, alkoxycarbonyl, carbamoyl, substituted cycloalkyl 
heteroalkyl, heteroalkylsubstitoted cycloalkyl, heterosubstituted cycloalkyl, heterosubstituted 
cycloalkyl-alkyl, heterocyclyl or beterocyclylalkyl; 

with the proviso that wh«i p=0, then R^^ is not hydrogen oc aHcyl; 

(b) heteroaryl; 

(c) -Z-L; where: 

Z is -CR^^=CR^^-, -0-, -NR'^-, or -C(=0) or .S(OV; 

R^^ R*^ and R^^ are independently hydrogen or alkyl;and 
L is heteroaryl, heteroarylalkyl or heteroalkyl 
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With the proviso that when Ac-Bd is -C(=0)-CR'=CR'-. then L is not 
h^oalkyl; or 

(d) -CR'^=CR'5-Li where L, is SCO^R" or SOzMR^'R'' where R" is alkyl and 

R** and R^' ace indepaidently hydrogai or allqfU 
each R^ is independently hydrogen, alkyl, hydroxy or oxo; and 
tis 1 or 2 fcff n= 1 or 2. and 
tis 1 forn = 0. 



"Acyl" means a radical -C(0)R, where R is hydrogen, alkyl, cycloaflcyl, cycloaBcyl- 
alkyU aryl or arylalkyl wherein aDcyl cycloalkyl, cycloalkyl-alkyl. aryl and arylalkyl are as 
defined herein. Representative examples include, but are not limited to foimyl. acetyl, 
cylcohexylcarbonyl, cyclohexylmethylcaibonyl. bojzoyl. benzylcarbonyl, and the like. 

"Acylamino" means a radical -NR'C(0)R, where R' is hydrogen or alkyl, and R is 
hydrogen, alkyl, cycloaflcyl. cycloalkyl-alkyl, aryl or arylalkyl wherein alkyl, cycloalkyl, 
cycloalkyl-alkyU aryl and arylalkyl are as defined herdn. Representative examples inchide, but 
are not Umited to formylamino. acetylamino. cylcohexylcarbonylamino, cyclohexylmethyl- 
carbonylamino. beazoylamino. boizylcarbonylamino. and tiie like. 

"Alkoxy" means a radical -OR where R is an alkyl group as defined herein e.g., 

methoxy, ethoxy, propoxy. butoxy, and the like. 

"Alkoxycarbonyl" means a radical -C(0)-R where R is alkoxy is as defined herdn. 

«AIkyr means a linear saturated monovalent hydrocarbon radical of one to six carbon 
atoms or a branched saturated monovalent hydrocarbon radical of three to ax carbon atoms, 
methyl, ethyl, propyl, 2-propyl, n-butyl, wo-butyl. tert-butyl pentyl, and the like. 

"ADcylamino" means a radical -NHR where R represents an alkyl. cycloalkyl or 
cycloalkyl-alkyl group as defined herein. Representative examples include, but are not limited 
to methylamino, ediylamino, 1-methylethylamino, cyclohexylamino, and the like. 

"Alkylene" means a linear saturated divalent hydrocarbon radical of one to ten carbon 
atoms or a branched saturated divalent hydrocarbon radical of three to ten carbon atoms, e.g.. 
mediylene. ethylene, 2.2-dimethylethylene. propylene, 2-mediylpropylaie, butylene, pentylene, 
and the hke. 
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"Alkylsulf onyl" means a radical •S(0)2R where R is an alkyl, cycloalkyl or cycloaDcyl- 
alkyl group as defined herein, e.g., methylsulfonyl, ethylsulfonyl, propylsulfonyl, 
butylsulf onyl, cyclohexylsulf onyl and the like. 

"Alkylsulfinyr means a radical -S(0)R where R is an alkyl, cycloalkyl or cycloalkyl- 
5 alkyl group as defined herein e.g., methylsulfinyl, ethylsulfmyl, propylsulfinyl, butylsulfinyl, 
cyclohexylsulfinyl and the like. 

"Alkylthio" means a radical -SR where R is an alkyl, cycloalkyl or cycloalkyl-alkyl 
group as defined h^dn e.g., methylthio, ethylthio, propylthio, butylthio, cyclohexylthio and the 
like. 

10 "Aryl" means a monocyclic or bicyclic aromatic hydrocarbon radical which is 

optionally substituted with one or more substitumts, preferably one, two or diree, substituents 
prefCTably selected fi^om the group consisting of alkyl, acyl acylamino, alkoxycarbcwayl, 
aDcylamino, alkylsulfinyl, alkylsulfonyl, -SOzNR'R" (where and R" are mdepaidently 
hydrogen or alkyl), alkylthio, alkoxy, amino, aryloxy, carbamoyl cyano, dialkylamino, halo, 

15 haloalkyl, heteroalkyl, heterocyclyl, hydroxy, hydroxyalkyl, methyknedioxy, ethylenedioxy, 
nitro and thio. More specifically the term aryl includes, but is not limited to, phenyl, 
chlOTophenyl, fluorophenyl, methoxyphenyl, 1-naphthyl, 2-naphthyl.and the derivatives 
thereof. 

"Arylalkyr refers to an alkyl radical as defined herein in which one of the hydrogai 
20 atoms of the alkyl group is replaced with an aryl group. Typical arylalkyl groups include, but 
are not limited to, benzyl, 2-phenylethan-l-yl, naphthylnaethyl, 2-naphthylethan-l-yl, 
naphthobenzyl, 2-naphthophenylethan-l-yl and the like. 

"Aryloxy" means a radical -OR where R is an aryl group as defined ha-ein. 

"Arylalkyloxy" means a radical -OR where R is arylalkyl as defined herein. 
25 "Carbamoyl" means the radical -C(0)N(R)2 where «ach R group is indqpmdentiy 

hydrogen, alkyl or aryl as defined herein. 

"Carboxy" means the radical -C(0)OH. 

"Cyano" means the radical -CN. 

"Cycloalkyl" refers to a saturated monovalent cyclic hydrocarbon radical of three to 
30 seven ring carbons e.g., cyclopropyl, cyclobutyl, cyclohexyl, 4-mediyk:yclohexyl and die like. 
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"Cycloalkyl-alkyl" means a radical -R^R^ whore R^ is an alkylene group and R^ is a 
cycloalkyl group as defined hordn, e.g., cyclohexylmethyl and the like. 

"Substituted cycloalkyr means a cycloalkyl radical as defined herein with one, two or 
three (preferably one) hydrogen atoms replaced by -Y-C(0)R (where, Y is absent or an 
5 alkylene group and R is hydrogen, acyl, acylamino, alkyl, alkoxycarbonyl, alkyamino, 

alkylsulfinyl, alkylsulfonyl, alkylthio, alkoxy, amino, aryloxy, arylalkyloxy, carbamoyl, cyano, 
dialkylamino, halo, haloalkyl, heteroalkyl, hydroxy, hydroxyalkyl nitro or thio) 

**Dia]kylamino" means a radical -NRR* where R and R independently represent an 
alkyl cycloallq^l or cycloalkyl-alkyl group as defined herdn. Representative examples include, 
10 but are not limited to dimethylamino, methylethylamino, di-(l-mediylethyl)amino, 
(cyclohexyl)(methyI)amino, (cyclohexyl)(ethyl)amino, (cyclohexyl)(propyl)ainino, 
(cyclohexylmethyl)(methyl)amino, (cyclohexylmethyl)(ethyl)araino and fee like. 
**Halo" means fluoro, chloro, bromo, or iodo, preferably fluoro and chloro. 
*Haloalkyl" means an aDcyl group substituted with one or more same or diffarent halo 
15 atoms, e.g., -CH2CI, -CF3, -CH2CF3, -OliCCk and the like. 

'*Heta:oaryl" means a monocyclic or bicyclic radical of 5 to 12 ring atoms having at 
least one aromatic ring containing one, two, or three ring hetoroatoms select from N, O, or S, 
the remaining ring atoms being C, with the understanding that the attachment point of the 
heteroaryl radical will be on an aromatic ring. TTie hetaroaxyl ring is optionally substituted 
20 independCTtly with one or more substituents, preferably one or two substituents, selected from 
acyl, acylamino, alkyl, alkoxycarbonyl, alkyamino, alkylsulfmyl, alkylsulfonyl, -SOaNR'R" 
(where R' and R" are independently hydrogM or alkyl), alkylthio, alkoxy, amino, aryloxy, 
carbamoyl, cyano, dialkylamino, ethylenedioxy, halo, haloalkyl, heteroalkyl, het^ocyclyl 
hydroxy, hydroxyalkyl methylenedioxy, nitro and thio. More q)ecifically the term heteroaryl 
25 includes, but is not limited to, pyridyl fiuanyl thienyl thiazolyl isothiazolyl tcia2X)lyl 

imidazolyl isoxazolyl pyrrolyl pyrazolyl pyrimidinyl benzofuranyl tetrahydrobenzofuranyl 
isobenzofuranyl benzothiazolyl braizoisothiazolyl benzotriazolyl indolyl isoindolyl 
benzoxazolyl quinolyl tetrahydroquinohnyl isoquinolyl benzimidazolyl benzisoxazolyl <x 
benzothienyl and derivatives thereof. 
30 "HetQToarylalkyl means an alkyl radical as defined herein in which one of die hydrogen 

atoms of the alkyl group is r^laced with a heteroaryl group. 
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"Heteroalkyl" means an alkyl radical as dtfined hemn whraein one or more hydrogen 
atoms have been replaced witti a substitoent indqjendaitly selected from die group consisting 
of -OR*, -NRll', and -S(0) Jl** (whae n is an integer from 0 to 2), with the undmtanding that 
the point of attachmmt of flie hetoroalkyl radical is througji a carbon atom, wherein R' is 

5 hydrogai, acyl, alkyl, cycloalkyl, or cycloal^l-alkyl; R" and are indq>aidenfly of eaOi 
other hydrogen, acyl, alkyl, cycloalkyl, or cycloalkyl-alkyl; and when n is 0, R" is hydrogen, 
alkyl, cycloalkyl, or cycloalkyl-alkyl, and when n is 1 or 2, R" is alkyl, cycloalkyl, cycloalkyl- 
allqrl, amino, acylamino, monoalkylamino, or dialkylamino. Rq>resentative examples include, 
but are not limited to, 2-hydroxyethyl, 3-hydroxypropyl 2-hydroxy-l-hydroxymethylethyl, 2,3- 

10 dihydroxypropyl, 1-hydroxymelhylethyl, 3-hydroxybutyl, 23-dihydroxybutyl, 2-hydroxy-l- 
methylpropyl, 2-aniinoethyl, 3-aniinopropyl, 2-mettiylsulfonylethyl, aminosulfonylmethyl, 
aminosulfonylethyl, aminosulfonylpropyl, methylaminosulfonyhnethyl, 
methylaminosulfonylediyl, methylaminosulfony^ropyl, and the like. 

"Hetoroalkylamino" means a radical -NHR where R is a heteroalkyl group as defmed 

15 herein. 

"Heteroalkyloxy" means a radical -O-R where R is a hetaoalkyl group as defined 

herm. 

"Heteroalkylsubsituted cycloalkyr means a cycloalkyl radical as defined herdn 
wherein one, two or three hydrogen atoms in the cycloalkyl radical have beai indqpendaitly 

20 replaced wifli a heteroalkyl group with the understanding that the hetoroaDqrl radical is attached 
to the cycloalkyl radical via a carbon-carbon bond. . Rq)resaitative exaiiq)les include, but are 
not limited to, l-hydroxymethykyclopenlyl, 2-hydroxymethylcyclohexyl, and the like. 

"Heterosubstituted cycloalkyl" means a cycloall^l radical as defined herdn whadn 
one, two or three hydrogoi atoms in Ae cycloalkyl radical have been rephced with a 

25 substitoent independently selected from die group consisting of hydroxy, alkoxy, amino, 
acylamino, monoalkylamino, dialkylamino, oxo (C=0), imino, hydroximino (=NOH), 
NR'S02R*' (where R' is hydrogen or alkyl and R** is alkyl, cycloalkyl, amino, monoalkylaniino 
or dialkylamino), -X-C(0)R (where X is O or MR', R is hydrogen, alkyl, haloaBcyl, hydroxy, 
alkoxy, amino, monoaUq^lamino, diallq^lamino, , or optionally substituted phenyl, and R' is H 

30 or alkyO or -S(0)nR (where n is an integer from 0 to 2) such that when n is 0, R is hydrogen, 
alkyl, cycloalkyl, or cycloalkyl-alkyl, and when n is 1 or 2, R is alkyl, cyckalkyl-cydoalkyl- 

40 
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alkyl, amino, acylamino, monoalkylamino or dialkylamino. Representative examples include, 
but are not Umited to, 2-. 3- or 4-hydroxycyclohexyl. 2-. 3- or 4-aminocyclohexyl, 2-, 3- or 4- 
sulfonamidocyclohexyl. and the like, preferably 4-hydroxycyclohexyl. 2-aminocyclohexyl. 4- 

sulfonamidocyclohexyl. 
5 "Heterosubstituted cycloalkyl-alkyl" means a radical R'R"- where R' is a 

heterosubstituted cycloalkyl radical and R" is an alkylene radical. 

"Heterocyclyl" means a saturated or unsaturated non-aromatic cyclic radical of 3 to 8 
ring atoms in which one or two ring atoms are heteroatoms selected from N. O, or S(0)n 
(where n is an integer from 0 to 2). the remaining ring atoms being C, where one or two C 
10 atoms may optionally be replaced by a carbonyl group. The heterocyclyl ring may be 

optionally substituted independently with one. two, or three substituents selected from alkyl, 
haloalkyl. heteroalkyl. halo, nitro. cyanoalkyl. hydroxy, alkoxy, amino, monoalkylamino. 
dialkylamino. arylalkyl, -(X)„-C(0)R (where, X is O or MR', n is 0 or 1, R is hydrogen, alkyl. 
haloalkyl. hydroxy, alkoxy, amino, monoalkylamino, dialkylamino. or optionally substituted 
15 phenyl and R' is H or alkyl), -alkyIene-C(0)R (where. R is hydrogen, alkyl. haloalkyl. 

hydroxy, alkoxy, amino, monoalkylamino. dialkylamino. or optionally substituted phenyl) or 
-S(0)nR'' (where n is an integer from 0 to 2. and R** is hydrogen (provided that n is 0), alkyl, 
haloalkyl, cycloalkyl. cycloalkyl-alkyl. amino, monoalkylamino, dialkylamino, or 
hydroxyalkyl). More specificaUy the term heterocyclyl includes, but is not limited to, 
20 tetrahydropyranyl, piperidino. N-methylpiperidin-3-yl, piperazino. N-methylpyrrolidin-3-yl. 3- 
pyrrolidino, morpholino. thiomorpholino. thiomorpholino-l-oxide, thiomorpholino-l.l-dioxide, 
pyrrolinyl, imidazolinyl, and the derivatives thereof. 

"Heterocyclylalkyl" means a radical -R^Rb where R^ is an alkylene group and R^ is a 
heterocyclyl group as defined above, e.g., tetrahydropyran-2-ylmethyl, 1, 2-, or 3- 
25 piperidinylmethyl. l-piperazinylmetiiyl. 4-methyl-piperazin-l-ylmethyl, and the like. 

"Hydroxyalkyl" means an alkyl radical as defined herein, substituted with one or more 
hydroxy groups, provided that tiie same carbon atom does not carry more than one hydroxy 
group. Representative examples include, but are not limited to. 2-hydroxyethyl, 
2-hydroxypropyl. 3-hydroxypropyl, l-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl. 
30 3-hydroxybutyl. 4-hydroxybutyl. 2.3-dihydroxypropyl. 2-hydroxy-l-hydroxymethylethyl, 
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23-dihydroxybutyl, 3,4-dihydroxybutyl and 2-(hydroxymethyl)-3-hydroxypropyl. preferably 
2-hydroxyethyl, 2,3-dihy(lroxypropyl and l-(bydroxymethyl)-2-hydroxyethyl. Accordingjy, as 
used herdn, the term •Tiydroxyalkyr is used to define a subset of heteroalkyl groups. 

"Leaving group" has the meaning convaitionaUy associated with it in syn&etic carpnic 

5 chemistry, i.e.. an atom or a group capable of being displaced by a nucleophile and includes 
halo (such as chloro, bromo, and iodo), alkanesulfonyloxy, arenesulfonyloxy, alkylcarbonyloxy 
(e.g., acetoxy), arylcarbonyloxy, mesyloxy, tosyloxy, trifluoromethanesulfonyloxy, aryloxy 
(e.g., 2,4-dinitr<^hea»oxy), methoxy, N.O-dimethylhydroxylamino, and die like. 
"Oxo" means divalrait radical (C=0). 

10 'Pharmaceutically accq)table exd5>ientf means an excipiait that is useful in {wearing a 

pharmaceutical composition that is generally safe, non-toxic and nattier biologically nor 
othearwise undesirable, and includes excipient that is acc^ble for vetainary use as wcU as 
human pharmaceutical use. A •'pharmaceutically acceptable excipiait" as used in the 
specification and claims includes both one and more than one such excipient 

15 "Phaimacaitically acceptable salt" of a con^und means a salt that is pharmaceutically 

acceptable and that possesses the desired pharmacological activity of the parent compound. 
Such salts inchjde: (1) add addition salts, formed vwth inorganic adds such as hydrochloiic 
acid, hydrobromic acid, sulfuric add, nitric add, phosphaic add, and the Bte; or formed widi 
organic acids such as acetic add, propionic add, hexanoic add, cyclopraitanq>ropionic add, 

20 glycolic add, pyruvic add, lactic acid, malonic acid, succinic add, malic acid, maldc acid, 
fumaric add, tartaric add, citric add, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, 
dnnamic add, mandeUc add, methanesulfonic add, etiianesulfonic acid, 1,2-etiiane-disulfonic 
add, 2-hydroxyethanesulfomc add, boizraiesulf onic add, 4-chlorobaizaiesulf onic acid, 2- 
naphthalaiesulfonic add, 4-toluaiesulf(Muc add, camphorsulfonic add, 4- 

25 methylbicyclo(2.2.2]-oct-2-ene-l-carboxyBc add, glucoheptonic add, 3-phenylpropionic acid, 
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric add, gluconic acid, glutamic add, 
hydroxynaphtiioic add, salicylic acid, stearic acid, muconic add, and flie like; or (2) salts 
formed when an acidic proton present in die parent compound dther is replaced by a metal ion, 
e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with an 

30 organic base sudi as ethanolamine, diethanolaroine, triethanolamine, tromediamine, N- 
methylglucamine, and the like. 
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The terms "prodrug" and "prodrug* are used interchangeably heron and refer to any 
compound which releases an active parent drag according to structural formula G-VID in vivo 
when such prodrug is administered to a mammaUan subject Prodrugs of a compound of 
structural formula a-Vip are prepared by modifying one or more functional group(s) present in 
the conq)ound of structural formula in such a way that the modification(s) may be 
cleaved in vivo to release the parent compound. Prodrugs inchide compounds of stractnral 
formula a-VD) wherein a hydroxy, amino, or sulfhydryl group in a compound of sttuctural 
formula G-VH) is bonded to any group that may be cleaved in vivo to regenerate the free 
hydroxyl. amino, or sulfhydryl group, respectively. Examples of prodrugs include, but are not 
Umited to, esters {e.g.. acetate, formate, and benzoate derivatives), carbamates NJ<J- 
dimethylaminocarbonyl) of hydroxy functional groups in compounds of strucUiral formula 0- 
Vm). N-acyl daivatives (e.g. N-acetyl) N-Mamrich bases. Schiff bases and enaminones of 
amino functional groups, oximes, acetals, ketals and enol esters of ketone and aldehyde 
functional groups in compounds of Formula I-Vn, and the like, see Bundegaard, R 'Deagn of 
Prodrugs" pl-92, Elesevier, New York-Oxford (1985). and the like. 

"Protecting group" ref«s to a grouping of atoms that when attached to a reactive group 
in a molecule masks, reduces or prevents that reactivity. Examples of protecting groups can be 
found in T.W. Green and P.G. Puts, "Protective Groups m Organic Chemistry", (Wiley, 2"* ed. 
1991) and Harrison et al., "Compendium of Synthetic Organic Methods", Vols. 1-8 (John 
Wiley and Sons, 1971-1996). Representative amino protecting groups inchide, but are not 
limited to, formyl acetyl, trifluoroacetyl, benzyl, benzyloxycaibonyl (CBZ), tert- 
butoxycarbonyl (Boc), trimethylsUyl (TMS). 2-trimethylsilyl-ethanesulfonyl (SES), trityl and 
substituted trityl groups, allyloxycarbonyl, 9-fluorenyhnethyloxycarbonyl (EMOC), nitro- 
veratryloxycarbonyl (NVOQ and the Bke. Rq?resentative hydroxy protecting groups mctade 
but are not Umited to, those where the hydroxy group is atiier acylated or alkylated such as 
benzyU and trityl ethers as weU as alkyl ethers, tettahydropyranyl ethers, trialkylsilyl ethers and 
allyl dthas. 

As used herein, tiie term "mammal" includes human. The terms "human" and "patient" 

are used interchangeably herdn. 

•Treating" or "treatment" of emphysema, cancer or a dermatological disorder incUides 
preventing the disease. (i.c.. causing at least one of tiie clinical symptoms of the disease not to 
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develop in a mammal that may be exposed to or predisposed to the disease but does not yet 
experience ot display symptoms of the disease) inhibiting the disease <i.e., arresting or reducing 
the developmoit of tiie disease ot at kast one of flie clinical symptoms) or relieving the disease, 
{Le., causing regression of the disease or at least one of the clinical symptoms). PrevCTting or 
prevention encompasses administration administration prior to manifestation of the disease or 
disorda:. 

"A therapeutically defective amount" means the amount of a compound that, when 
administered to a mammal fOT treating a disease, is sufficient to effect such treatment for die 
disease. Hie **tha:apeutically effective amounf ' will vary depending on the con^und, the 
disease and its severity and the age, wdght, etc.y of the mammal to be treated. 

As used herein the torn "compounds of the invention" means the compounds of 
generic formula (I- Vn) includmg but not limited to specific compounds within those formulas 
disclosed herein. The compounds of die invention are identified herein by their chemical 
structure and/or chemical name. Where a compound is referred to by botii a chemical structure 
and a chemical name and the chemical structure and chemical name conflict, the chemical 
structure is determinative of the compound's identity. The compounds of die invaition may 
contain one or more chiral centers and/or double bonds and therefore, may exist as 
stereoisomers, such as double-bond isomers (i.e., geometric isomers), enantiomers, or 
diastereomers. According to the invention, die chemical istructures depicted herein, and 
tiierefore the compounds of the invention, encompass all of the corresponding compound* s 
mantiomers and stereoisomers, tiiat is, the stereoisomerically pure form (e.g., geometrically 
pure, enantiomerically pure, or diastereomerically pure) and mantiomeric and storeoisomedc 
mixtures. Enantiommc and stereoisomOTC mixtures can be resolved into tiieir component 
enantioma-s using either separation techniques or chiral syndiesis techniques known in the art. 

* 

Preferred compounds of the invention are RAR agonists, particularly RAR-gamma 
selective agonists and bind to die RAR-gamma receptor at least five fold better than they bind 
to die RAR-alpha receptor. Binding affinities for RAR agonists are typically less tiian 10 
micromolar, pr^erably less than 1 micromolar. 

In one embodimrait, n is 1 . In another embodimoit, A is -C(=0>. In yet anoth^ 

embodiment, c is 0. 
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10 



Preferably. B is -NHC(0)NH-, -CR'=CR^ -R^C=CR«-C(OK -C^-. -(^>C(0> or 
-CH2O-, most preferably -CR'=CR*-, and particularly and R* are hydrogen where B is trans 
-CH=CH-, i.e., die alkene moiety has the E-stexeodiemistiy . 

In one embodiment, X is phenyl In another embodimait, X is thienyL In one embodiment, R 
is hydrogen. In anoflier embodiment, R' is hydroxy or 0x0. In one embodiment, R" is alkoxy. 



Q 

arylallQrloxy. In another embodimoit, R 



In one preferred embodiment, the invention provides compounds having structural 
formula (E): 

'j><\^^^Ao-Bd-X-R, 
^■"VjJl^jA^ (CRioRii)in-Yp-Rj2 

n 



1 3 

OT a pharmaceutically acceptable salt, solvate or hydrate thareof, wherein A, B, c, d, X, R , R , 

n, R*°, R", m, Y, p and R^^ are as previously defined. Preferably, m is 1 to 4. In one 

embodim^t, p is 0. another onbodimait, p is 1. 
15 In a preferred embodiment of compounds having structural formula (E), m is 1 , p is 1 

and Y is -0-. Preferably, R" is hydrogen, acyl alkyl, carbamoyl, cycloalkyl, aryl. heteroaryl, 

or heteroalkyl. Compounds 1, 5 and 15 in Table 10 exemplify this embodiment 

In anotha- preferred embodiment of conq)ounds having structural fomula (II), m is 1, p 

is 1 and Y is -S(0)q-. In one embodiment, R*^ is alkyl cycloalkyl or heteroalkyl Compounds 
20 2, 3, 4, 9, 17 and 18 in Table 1 exemplify fliis embodiment In another embodiment, R is 

heteroaiyl, heteroarylalkyl, heterocyclyl or hetearocyclylalkyL Compounds 8, 19, 22, 23, 25, 32, 

34 and 35 in Table 1 exemplify this embodiment 

In stiU another preferred embodiment of compomids having structural formula (II), m is 

3, p is 1 and Y is Preferably, R^^ is hydrogen, acyl, alkyl, carbamoyl cycloalkyl, aryl, 
25 heteroaryl or heteroalkyL Compounds 10, 11 and 12 in Table 1 exemplify this embodiment 
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In still another preferred embodiment of compounds having structural formula GI), m is 

3, p is 1 and Y is -NR^^-. Preferably, R^^ is acyl, alkyl, cycloalkyl, aryl, heteroaryl, or 
heterocyclyL Compound 33 in Table 1 exempUfies this embodimmt 

In still another prefmed embodiment of compounds having structural formula (II), m is 
5 3, p is 1 and Y is -S(0)q-. Preferably, R^^ is aryl, arylalkyl. het^oaryl, heteroalkyl, 
heterocyclyl or heterocyclylalkyl. Compounds 24 and 28 in Table 1 exemplify fliis 
embodiment 

In still another preferred embodiment of compounds having structural formula <II), m is 
2, p is 1 and Y is -O. Preferably, R^^ is hydrogen, acyl, alkyl carbamoyl, cycloalkyl, aryl, 
10 heteroaryl, or heteroalkyl. Compound 31 in Table 1 exemplifies this embodin^nt 

In still another pref oied embodiment of compounds having structural formula (II), m is 
2, p is 1 and Y is -S(0)q-. Preferably, R^^ is aryl, arylalkyl, heteroaryl, hetoroalkyl, 
heterocyclyl or heterocyclylalkyl. Compounds 26 and 27 in Table 1 exemplify tiiis 
embodiment 

15 In still another preferred embodiment of compounds having structural formula (II), m is 

4, p is 1 and Y is -(O) Prefa-ably, R^^ is hydrogen, acyl, alkyl, carbamoyl, cycloalkyl, aryl, 
heteroaryl, or heteroalkyl. Compound 51 in Table 1 exemplifies this embodiment 

In still another prefenred embodiment of compounds having structural formula (II), m is 
1 and p is 0. In one embodiment, R^^ is heteroaryl, heteroarylalkyl, heterocyclyl or 
20 heterocyclylalkyl. Compounds 6, 7, 44, 45, 47, 50, 53, 54, 55, 138, 139, 143, 146,149 and 150 
in Table 1 exemplify this embodiment Compound 6 is a particularly preferred ntember of the 
above group of compounds. In another embodimrat, R^^ is aryl, arylalkyl, cycloalkyl or 
substituted cycloalkyl. Compounds 42 and 54 in Table 1 exemplify this embodiment 

In still another preferred embodiment of confounds having structural formula (IT), m is 
25 2 and p is 0. Preferably, R*^ is aryl, arylalkyl, heteroaryl, hetearoarylalkyl, heteroalkyl, 

heterocyclyl or heterocyclylalkyl. Compounds 29, 37, 38, 40, 41, 132, 134, 140, 147 and 152 
in Table 1 exemplify this embodiment 

In still another prefenred embodiment of compounds having structural formula (II), m is 
3 and p is 0. Preferably, R^^ is aryl, arylalkyl, hetaroaryl, heteroarylalkyl, heterocyclyl or 
30 heterocyclylalkyl. Compounds; 30, 36, 46, 52, 130,131, 135, 141 and 142 in Table 1 exemplify 
this embodimrat 
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In another preferred embodiment, the inventiOT provides compounds having tiie 



^"^ S^A^^ heteroaryl 



m 



structoral formula (JS): 



1 n3 



or a pharmaceotically acc€5)table salt, solvate or hydrate tiieieof, wherdn A, B, c, d, X, R , R 
5 and n are as previously defined. Compounds 48. 49, 156 and 157 in Table 1 exemplify the 

preceding embodimrat 

In another embodiment, the inventi<m provides compounds having structural fcamula 

OV): 



IV 



1 3 

or a pharmaceutically acceptable salt, solvate or hydrate thereof, whadn A, B, c, d, X, R , R , 
n, Z and L are as previously defined. In one embodimrait, L is heteroaryl or heteroarylalkyL In 
another embodiment, Z is -O- or -S(O),-. Compounds 154, 155, 159 and 160 in Table 1 
exemplify this embodiment 
15 In anothCT embodiment of gaieric formula (I), c is 0, d is 1 and B is -CR =CR - and n, 

r\ R^ r' and X are as previously defined. Preferably, R' and R^ are both hydrogen. In one 
embodiment, X is aryL In a more specific embodiment, the invention provides compounds 
having the structural formula (V): 
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1 3 

or a phaimaceutically acceptable salt, solvate or hydrate thereof, wherdn n, R , R' and R are 
as previously defined. In another embodiment, the invention iM:ovides<X)nq)Ounds having the 
structural formula (VI): 

5 




VI 



12 3 

or a pharmaceutically acceptable salt, solvate or hydrate thereof, wharein n, R , R and R are 

as previously defined. 

In another embodiment, X is heteroaryL In this embodiment, tiie invention provides 

10 compounds having the structural formula (VII): 




vn 



1 2 '^^3 

or a pharmaceutically acceptable salt, solvate or hydrate, thereof, wherein n, R , R and R are 
as previously defined. 

15 Another embodiment of this invention is represented by <:oI^pounds of structural 

framula Vm, 
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vni 

wherdn: 

5 R^' is: (a) heteioalkyloxy, heteroalkylamino, cm: hetCToallqrltiiio; or 

(b) Q-R" where Q is -0-, -NR^- or -S- (where is hydrogen or alkyl) and 
R^ is carboxyalkyl; 
and n is an integer firom 0 to 2. 

These compounds are prodrugs of compounds of Formula Vm where R^' is hydroxy 
10 and are converted in vivo to compounds where R^' is hydroxy. Comporaids 56, 57, 58 and 59 
exemplify this embodimoit. 

In still anotho- anbodimait of generic formula (I), c is 0, d is 1 , B is -CR =CR - and n, 
r\ R^ R^ R', R*and X are as previously defined. Preferably, r' and R^ are hydrogen. 
15 Jnz. mcnre specific embodimoit, X is aiyL 

In all of the embodiments hitherto described, also preferred are those where is - 
CO2H or -COz-alkyl, particularly -CO2H. Furthermore, also preferred are those embodiments 
wheie R^ is hydrogen and n and t are 1 . 
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PrefOTed compounds of the invaition include those depicted in Table 1 below. 



Table 1 



CMP# 


MOLECULAR 1 
STRUCTURE 


Mp<°C) 1 


MoL Ion. M + 1 


1 




184^187.9 

1 






.1 






2 


o i 

„ A 
up CM, 




436 

.il 

^1 


3 




66.1-68^ 


t| 


4 




209.4-2113 




5 








6 




246^-248 




7 




255.6-257.4 




8 




169.7-171 
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CMP# 



MOLECULAR 
STRUCTURE 



MpCQ I MoLIon.M + 



27 



28 



29 



30 



31 



32 



33 



34 



35 




« ; 244.7-245^ 

OH 






'0< 




Hfi OS 




144-1453 



2353-235i> 



181^182^ 



MH+ = 379 



460 



433 



465 



513 
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CMP# 


MOLECULAR 
STRUCTURE 


MpCC) 1 


Mol. Ion. M -1- 1 


36 






MH+=442 

j 


37 






MH+ = 407 


38 






MH+ = 443 








39 


e 




415 


40 




215.8-2175 


-J 


41 




228-228.9 





42 




2163-2173 


L — 


43 




2043-205.7 


■ *■ 


44 




229.1-229.6 
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CMP# 



132 



133 



134 



135 



136 



137 



138 



139 



140 



MOLECULAR 
STRUCTURE 







Mp (°C) I MoL Ion. M + 



429 (MET) 



233-233.5 



506 (M-BT) 



457 (MET) 



430 (MH^ 



247.6-248.4 



434 (MH^ 



432 (MH*) 



443 (MH^ 
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CMP# 



MOLECULAR 
STRUCTURE 



Mp (°C) I Mol.Ion.M + 



141 



443 (M-H) 



142 




44S(MH*) 



143 




443 (MED 



144 




264.8-265.9 



145 




447 (MH^ 



146 



147 





444 (M-H)' 



457 (MH*) 



148 




238.5-241J 



1 



149 




429 (MET) 



m 



2S 
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CMP# 


MOLECULAR 
STRUCTURE 


Mp (°C) 1 


MoL Ion. M + 

1 


159 


■ 5 ' 




436(M+) 








UK) 


0 




437(M-1) 






1 










161 


o 




4370^-1) 




^^^^^^^^^^^^ 










■1 


162 


o 




437(M-1) 








163 


^^^^^^^^^^^^^ ' 




427 


164 


o 




489(ivar) 1 


165 


'■ — ■ ^ o 


248-249 

i 
\ 

1 
1 


1 M 


166 




171.6-172^ 

i 

1 

t 





The invention encompasses treating emphysema and related disorders, cancer and 
dermatological disorders, preferably while reducing or avoiding adverse effects associated with 
natural and synthetic retinoids when used at tharapeutic levels. Adverse effects associated with 
5 retinoids at therapeutic levels include, but are not limited to, the toxic^ects of 
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hypervitaminosis A, such as headache, fever, skin and membrane dryness, bone pain, nausea 
and vomiting, psychiatric disorders and gastrointestinal diswdas. 

The presait inventiOT also raconqwases Ae use of the compounds of tiie invoition to 
treat or prevent obtain chronic obstructive airway disorders, particularly chronic obstructive 
5 pulmonary disease including chronic bronchitis, emphysema and asflmia in mammals, 

especially humans fliat smoke or smoked cigarettes. In a preferred embodiment, the invention 
encompasses tiie treatmtmt or prevention of panlobar emphysema, centrUobular emphysema or 
distal lobular emphysema in mammals using flier^utically effective doses of die compounds 
of the invoition. 

10 In one embodiment, die presart mvaation encompasses die use of tiie compounds of tiie 

invention for treating or preventing emphysema. Further, die instant invention enconqyasses 
tiie use of pharmaceutical compositions of die compounds of the invaition to treat or prevoit 
emphysrana. Moreover, the invention encompasses tiie use of electrohydrodynaimc aerosol 
devices, aerosol devices and nebulizers to deUver formulations of compounds of tiie invention 

IS into the lung of a mammal suffering from or at risk of ^physema. 

The invaitiai encompasses tfie systanic use as well as tiie local use of tiie conq>ounds 
of the invention or botii in combination. Eitiier or botii can be achieved by tiie oral, mucosal or 
parenteral modes of administiation. As mentioned above, means of deUvering compounds of 
die invention direcfly into tiie lung by nebulizer, inhaler or otiier known deUvery devices are 

20 enconq>assed by the invoition. 

A metiiod for treating emphysema by combining compounds of tiie mvention wifli one 
or more additional tiierapies such as smoking cessation (where appropriate) bronchodilators, 
antibiotics, oxygen ±(xapy and tiie like is also aiconqMissed by tiie invention. 

In anotiier aspect, tfie curroit invoition enconq>asses metiiods for prevoiting 

25 emphysema in a human at risk of emphysema flirough administration of an amount of a 

compound of ttie invention, or pro-drug tiiereof , tiiat is sufficient to prevent emphysema. In a 
anotiier aspect, die current invention encompasses pharmaceutical compositions for preventing 
emphysema in a human at risk of emphysema tiirough administration of a amount of a 
compound of die invention or pro-dnig tiiereof, in a pharmaceutically acceptable canier, diat is 

30 suffidoit to prevrat emphysema. 
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In anotfao: aspect, the present inv^tion encompasses the use of compounds of the 
invoition for treating or preventing cancer. Further, ib& instant invention encompasses the use 
of pharmaceutical compositions of conq>ounds of Ae invaition to treat or prevent cancer. 
Moreover, the current invention encompasses the use of electrohydrodynamic aerosol devices, 

S aerosol devices and nebulizes to deliver formulations of compounds of the invention into the 
lung of a mammal suffaing from or at risk of canc^. Cancers include solid tumours such as 
breast, lung, prostate and li var cancer, promyelocytary leukaemias, precancerous changes of 
the mucosa in the mouth, tongue, larynx, oesophagus, bladder, cervix and colon. 

A m^od for treating cancer by combining compounds of the invention with one or 

1 0 more additional therapies is also encompassed by the in vraticm. Additional tiiezapies include 
DNA int^calating agents such as cis-platin and immunotherapeutic agents such as gamma 
interferons and other cytokines. 

In another aspect, the current invention encompasses methods for preventing cancer in a 
human at risk of cancer through administration of an amount of a compound of tiie invention, 

15 or a pro-drug thereof, that is sufficient to prevent eancer. In anotfaor aspect, the cuir^t 

invention encompasses pharmaceutical conopositions for preventing -cancer in a human at ri^ 
of cancer through administration of a amount of aeompound of the invention or pro-drug 
thereof, in a pharmaceutically acceptable carrier, that is sufficient to prevent cancer. 

In another aspect, the present invention encompasses the use of compounds of the 

20 invention for treating or preventing dermatological disorders. Further, the instant invention 
encompasses the use of pharmaceutical compositions of compounds of the invention to treat or 
prevent dermatological disord^s. Dermatological disorders include acne, psoria^s, 
photodamaged skin and otiier dermatoses acconq>anied by comification. Also included are 
wound healing, e.g., cuts, bums, operation wounds and other wounds associated witiit^utaneous 

25 trauma. 

A method for treating dematological disorders by combining compounds of the 
invention with one or more additional therapies and the like is also encompassed by the 
invention. 

In another aspect, the current invention encompasses methods fen: preventing 
30 dermatological disorders in a human at risk from dermatological discHders through 

administration of an amount of a compound of the invention, or a pro-drug thereof, that is 
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10 



sufficient to prevent dermatological disorders. In a final aspect, the current invention 
encompasses pharmaceutical compositions for preventing emphysema in a human at risk from 
dOTnatological disordCTS through administration of a amount of a compound of the invention or 
pro-drug thereof, in a pharmaceutically acceptable carrier, that is sufficimt to prevait 

dmnatological disorders. 

Also part of the present inveaition is the use of compounds of formula I for the 
preparation of medicaments for treating or preventing emphysema, cancCT and dranatological 
disorders. Whenever within the present invention it is referred to a method for the prevaition or 
treatment of above-mentiraed diseases, also part of the present invention is 
the use of compounds of formula I for the preparation of medicaments for treating or 
preventing the above-mentioned diseases. 



Another aspect of the invention encompasses a metiiod of treating emphysema in a 
mammal which comprises administering to a mammal in need of such treatment a 
15 therapeutically rffective amount of a compound of the invention, or pro-drug tiiereof . In one 
embodiment, the emphysema is panlobar emphysema, centrilobular emphysema or distal 
emphysema. 

Prrferably, die tiierapeutically effective amount of a compound of the invention or pro- 
drug thereof, for treating emphysema, is between about 0.1 jig/qd and about 30.0 mg/qd, mOTe 

20 pref^bly between about 1 .0 |ig/qd and about 1 .0 mg/qd. In one embodiment, especially for 
oral administration, die tiierapeutically effective amount of a con5)ound of die invention or pro- 
drug tiiereof is between about 10.0 jig/qd and about 30 mg/qd, preferably 30.0 pg/qd to about 
300.0 Mg/qd. In anotfier embodim^it, especially for administration by inhaMon, tiie 
therapeutically effective amount of a compound of tiie invaition or pro-drug tiiaeof , is 

25 between about 0.1 pg/qd and about 100.0 jig/qd, more preferably between about 10.0 pg/qd 
and about 100.0 Mg/qd> most preferably between about 1.0 fig/qd and about 30.0 iig/qd. 

This aspect of the invmtion enconqpasses a metiiod of treating emphysema in a m; 
by repairing alveoli in a mammal. In a preferred embodiment, die mammal is human. 
Preferably, the human was or is a cigarette smoker. In anoth^ preferred embodiment, an 

30 electrohydrodynamic aerosol device or a nebuhzer device or an aerosol device is used to 
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administer the therapeutically effective amount of a compound of the invention, or pro-drug 
th^eof . 

Anoth^ aspect of the invention encompasses a pharmaceutical composition for the 
treatment of a mamm fll suffering firom emphysema comprising an amount of a conq>ound of the 
5 invention or pro-drug thorof in a pharmaceutically acceirtable carrier, with the amount of the 
compound being suffici^t to alleviate one symptom of emphysema. In one embodiment, the 
emphysema is panlobar emphysema, centrilobular emphysema or distal emphysema. In a 
preferred embodiment, the mammal is humaiL Pref^ably, the human was or is a cigarette 
smoker. 

10 The major synq)toms of emphysema include but are not limited to chronic shortness of 

breath, chronic cough, coloration of the skin caused by lack of oxygaa, shcatness of breath witti 
minimal physical activity and wheezing. Additicmal symptoms that may be associated wiA 
emphysema include, but are not limited to vision abnOTmalities, dizziness, temporary cessation 
of respiration, anxiety, swelling, fatigue, insomnia and memory loss. 

15 Preferably, the amount of a compound of die inv^tion or pro-drug th^eof, in the 

pharmaceutical composition, is between about 0.1 pg and about 30.0 mg, mwe preferably 
between about 1 .0 pg and about 1.0 mg, most prefearably between about 100.0 jig and about 
300.0 pg. 

In one embodiment, the pharmaceutically acceptable carri^ is suitable for an 
20 electrohydrodynamic aerosol device, a nebulizer device or a aerosol device. In one pr^eired 
embodiment, the pharmaceutically acceptable carrier is a hquid such as water, alcohol, 
polyethylene glycol or perfluorocarbon. The amount of a compound of the invention, or pro- 
drug thereof in the pharmaceutical composition in this prefm'^d embodiment is between about 
0.1 pg and about 1.0 mg, more preferably between about 1 .0 |ig and about 100.0 (ig, most 
25 preferably between about 50.0 \xg and about 150.0 pg. 

Another aspect of the invention encompasses a metiiod f ot treating emphysema and 
related disorders by deUvering a formulation of a compound of the invention or pro-drug 
thereof, into the lungs of a mammal Preferably, the mammal is a human, more i«^eferably, the 
human was or is a cigarette smoker. In one embodiment, the fcMmulation is delivered into the 
30 lungs of tiie mammal with a nebulizer device. In a second embodiment, the formulation is 
delivered into the lungs of the mammal with an aerosol device. In a third ^bodiment, the 
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formulation is deKvered into the lungs of the mammal with an electrohydrodynamic aa^osol 
device 

In an exemplary embodiment, the formulation is a pharmaceutical composition of a 
compound of the invention. Preferably, the amount of a compound of the mvention, or 

5 pharmaceutically acceptable salt, hydrate, solvate, or pro-drug thereof in the pharmaceutical 
composition is between about 1.0 \ig and about 10.0 mg, more prefrably betwe^ about 10.0 
|ig and about 1.0 mg, most preferably between about 50.0 \xg and about 150.0 fig. In one 
preferred embodiment, the pharmaceutically acceptable vehicle is a liquid such as water, 
alcohol, polyethylene glycol or perfluorocarbon. In another preferred embodimrat, a material 

10 that alters the aerosol properties of the formulation is added to the formulation. Preferably, the 
material is an alcohol, glycol, polyglycol or fatty add. 

In still another aspect, the present invention oicompasses a method for treating 
emphysema that combines use of a compound of the invention with one or more additional 
15 tha:apies. The additional tfiai^qpies include, but are not limited to, smoking cessation, 

antibiotics, bronchodilators and oxygen therapy. In a prefored embodimrat, a pharmaceutical 
composition of a compound of the invention is used in combination with other therapies. 

In a still another aspect, the current invention provides a method for preventing 
emphysema in a human at risk of emphysema by administering a amount of a compound of the 
20 invention or pro-drug thereof, sufilcient to prevent enq)hy sema. In a preferred embodimait, 
the human was or is a cigarette smol^. 

In another aspect, the preset invention provides a pharmaceutical composition that 
prevents emphysema in a human at risk of emphysema. The composition comprises an amount 
of a compound of the invention or pro-drug thereof, and a pharmaceutically accq}table carri^ 
25 that is sufficient to prevent emphysema. 

Another aspect of the invration encompasses a method of treating canc^ in a mammal 
which comprises administering to a mammal in need of such treatment a therapeutically 
effective amount of a compound of the invration or pro-drug thereof. Preforably, the cancer is 
of q)ithelial origin and includes, but is not limited to breast cancer, skin cancer, colon cancer, 
30 stomach tumors, laryngeal canc«: and lung cancer. 
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Preferably, the therapeutically effective amount of a^mpound of tite invention or i«o- 
drug th^eof for treating cancer, is between about 50 ^g/qd and about 500 mg/qd, more 
preferably betwem about 300 ^g/qd and about 30 mg/qd. In one embodiment, especially for 
oral administration, the therapeutically effective amount of acompound of the invmtion or pro- 

5 drug thereof is between about 3 mg/qd and about 120 mg/qd. la another embodim«t, 

especially for administration by inhalation, the tha:apeutically effective amount of a compound 
of the invention or pro-drug thereof, is between about 50 jig/qd and about SOOjig/qd , more 
preferably between about 50 jig/qd and about 150 |ig/qd. 

In a preferred embodiment, the mammal is human. In anoth^ preforod embodimmt, a 

10 electrohydrodynamic aerosol device or a nebulizer device or a aerosol device is used to 
administer the therapeutically effective amount of a compound of the invention or pro-drug 
thereof. 

Another aspect of the invention encompasses a pharmaceutical composition for the 
treatmrat of a mamTpal suffering from cancer comprising an amount of a compound of the 
1 5 invaiticMi or pro-drug tiiereof in a pharmaceutically acceptable carrier, witii the amount of the 
compound being sufficimt to alleviate one symptom of cancer. Preferably, the cancer is of 
epithelial origin and includes, but is not limited to breast canc^, skin cancer, colon cancer, 
stomach tumors, laryngeal cancer and lung cancer. In a prefared embodiment, the mammal is 
human. 

20 Preferably, the amount of a compound of the invention or pro-drug diereof , in the 

pharmaceutical composition, is betwem about 250 pg and about 500 mg, more prderably 
between about 2.5 mg and about 100 mg, most preferably betw^n about 10 mg and about 50 
mg. 

In one embodiment, the pharmaceutically acceptable carrier is suitable fw a 
25 electrohydrodynamic aorosol device, a nebulizer device or a a^osol device. In one prefOTed 
embodiment, the pharmaceutically acceptable carrier is a liquid such as wat^, alcohol, 
polyethylene glycol or pofluorocarbon. The amount of a compound of the invention or pro- 
drug thereof, in the pharmaceutical composition in fliis prefenred embodiment is between about 
50 \ig and about 1.5 mg, more preferably between about 150 \ig and about 1.5 mg, most 
30 pref^ably betwera about 150 |xg and about 300 pg. 
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Another aspect of the invention encompasses a method for treating cancer by delivering 
a formulation of a compound of the invention or pro-drug thereof, into the lungs of a mammal. 
Prrferably, the mammal is a human, more preferably, the human has lung cancer. In one 
embodiment, the formulation is deUvered into the tangs of the mammal with a nebulizer device. 
5 In a second embodiment, the formulation is deUvered into the lungs of the mammal with an 
aerosol device. In a third embodiment, the formulation is delivered into the lungs of the 
mammal with an electrohydrodynamic aerosol device 

In an exemplary embodiment, the formulation is a pharmaceutical composition of a 
conq)Ound of the invention. Preferably, the amount of a compound of the invention or pro^lrug 
10 Aereof, in the pharmaceutical con^)Osition is between about 50 ng and about 15 mg, more 
prefaably between about 50 jig and about 1.5 jig. most preferably betweai about 100 ng and 
about 300 |ig. In one preferred embodiment, the pharmaceutically acceptable vddcle is a fiquid 
such as water, alcohol, polyethylene glycol or perfluorocaibon. In another preferred 
embodiment, a material that alters tiie aerosol properties of the formulation is added to the 
15 formulation. Preferably, die material is an alcohol, glycol, polyglycol or fatty acid. 

In still anoflier aspect, flie present invention encompasses a mefliod for tireating cancer 
that combines use of a compound of the invention witii one or more additional tiiaapies. The 
additional therapies include, but are not limited to, chemotiierapy, radiation or surgery. In a 
preferred embodiment, a pharmaceutical composition of a compound of tiie invention is used in 

20 combination with other therapies. 

In a still anotiier aspect, die current invaition provides a method for preventing cancer 
in a human at risk of cancer (e.g., smokers, asbestos workers and uranium workers) by 
administering a amount (rf a compound of die invention or pro-drug tiiereof , sufficient to 
prevent cancer. Examples of premalignant and precancerous lesions or tumors which may be 

25 prevented by compounds of tttt invention include, but are not limited to, actinic and arsoiic 
keratoses, dysplasias and papiUomas of mucous membranes and precancerous dianges of die 
bladder 

Another aspect of die present invention provides a pharmaceutical composition ftat 
prevents cancer in a human at risk of cancer. The composition comprises an amount of a 
30 conqwund of die invention or pro-drug diereof, and a pharmaceutically acceptable carrier diat 
is sufficient to prevoit caiK^er. 
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Anotho: aspect of the invention encompasses a method of treating damatological 
disorders in a mammal which comprises administmng to a mammal in need <rf such treatmait a 
therapeutically effective amount of a conq)Ound of the inv^ition or pro-drug th«eof . 
Preferably, the dermatological disorders include, but are not limited to, damage to the ddn 
caused by light and age, surgical wounds, bum wounds, wounds caused by cutaneous trauma, 
acne and psoriasis. 

Preferably, the th^apeutically effective amount of a compound of the invention or pro- 
drug thoreof for treating dermatological disorders, is between about 5 ng/qd and about 50 
mg/qd, more preferably between about 50 tig/qd and about 5 mg/qd. Topical (skin) emollients 
typically are creams, lotions or ointments containing from about 1% to 0.005%, preferably 
0.5% to 0.01%, most prrferably 0.05% to 0.01%. 



The compounds of die invention having formulas (I-VII) may be obtained via the 
synthetic metiiodology illustrated in Schemes 1-7 and metiiods descaibed in die art (Douget et 
15 oi., Quant. Struct. Act. Relat., 18, 107. (1999) and references disclosed tiierein, which ar« 
h^-ein incorporated by reference). Starting materials useful for preparing compounds of tiie 
invention and intermediates tiiereof are commercially available ot can be prqpared by well 
known synthetic methods. 
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66 67 

Compounds 67 of formula (I) where n = 0, 1 or 2, m is 1 and R is alkoxy, allcyltiuo. 



heteroaiyl, heterocyclyl, amino, alkylamino etc. may be prepared as desmbed in Sdieme 1. 

5 Bromo substituted 5,5,8,8-tetramethyl-5,6,7,8 tetrahydronapthalenes 62 and the corresponding 
five and seven membor ring analogues may be synthesized by a number of methods known to 
the skilled artisan. In a prefmed embodiment, Friedel-Crafts alkylation of 2-bromotoIuene 61 
with 2,4-dichloro-2,4-dimethylpentane, 2,5-dichloro-2^-dimethylhexane or 2,6-dichloro-2,6- 
dimethylheptane 60 provides compounds 62. Aryl bromides 62 may be homologated to 

10 aldehydes 64 by halogen-metal exchange (z.e., «-butyl lithium) to form an intmnediate 
organolithium compound, which is then quenched with N-fonnylpiperidine. Alt^natively, 
aldehydes 63. may be made by homologation of bromides 62 Cu(I)CN) to a cyano 
compound which may reduced (Le., diisobutyl aluminum hydride). Other synthetic methods 
for effecting conversion of bromides 62 to aldehydes 63 will be apparent to the skilled artisan. 

15 Homer-Enmions olefination of aldehydes 63 with an appropriate phosphonate ester may 

be used to provide E olefins 64. Coiresprading Z olefins may be prepared by conventional 
Wittig reactions followed by separation if necessary. Bromination of compounds 64 N- 
bromosucdnimide, benzoyl peroxide and light) affords the benzyl bromides 65. The teomides 
may be displaced with nitrogen, sulfur or oxygen nucleophiles to yield the corresponding 

20 substituted esters 66 which may be hydrolyzed (add or base) to provide the acids 67. Acids 67 
may be esterified using well known methods to provide a large number of esters. 
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A solution of 0^00 g (0.845 mmol) of 3-fluoro-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro- 
2-n^hthaldehyde, 0.058 g (0.854 mmol) of pyrazole. and 0.130 g (0.939 mmol) of potassium 
carbonate in 2 mL dimethylsulf oxide was heated to 95 °C for 1 8 hours. The reaction mixture 
was cooled to room temperature and partitioned between elhyl achate and water. The organic 
10 layer was washed with brine, dried over anhydrous sodium sulfate, and concoitrated in vacuo. 
The product was purified on flash chromatography on siUca gel<5% ediyl ao^te/hexane) to 
afford 0.101 g (42%) of 5,5,8,8-tetramediyl-3-pyra20l-l-yl-5,6,7,8-tetrahydro-2- 

naphthalddiyde. (nq) = 95.7-97.6). 

Homor-Emmons olefination, followed by ester saponification gave 4-{(E>2-[5,5,8,8- 
15 Tetiamethyl-3-(pyia20l -1-yl) -5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]benzoic acid 156 
(MH+ = 401). 

Substitution of pyrazole wi A 3-methylpyrazole gave 4-{(E)-2-[5,5,8,8-T«raInethyl-3-(3- 
methylpyrazol -1-yl) -5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]ben2oic add 157 (MH+ = 415). 

\ 

20 HXA3V0>LE 30: PREPARATION OF S 5.8.8-TET R AMTnTm^3-fPYR]MINDIN-2-YL- 
TmOVS.6.7.8-TETRAHYDRO-2-NAPHTHA LDEYHDE ; 
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To a solution of 0.479 g (4.27 mmol) of 2-mercaptopyrinadme in 1 1 mL 
dimetbylfonnamide was added 0.108 g (427 mmol) of 95% sodium hydride. After 20 minutes. 
1 .00 g (4.27 mmoO of 3-flu«(v5.5,8,8-tetramethyl-5.6.7.8-tetiahydro-2-naphthaldehyde was 
added and the resulting solution was heated at reflux. After 18 hours, the reaction mixture was 

5 cooled to room temperature and partitioned between ethyl acetate and water. The organic 
phase was washed with water, brine, dried over anhydrous sodium sulfate and concentrated in 
vacuo. The product was purified by flash chromatography on silica (15% ethyl acetate/hexane) 
to afford 0.219 g (16%) of 5,5,8.8-tetramethyl-3-(pyrimidin-2-yl-thio>5.6.7.8-tetrahydro.2- 
naphthaldeyhde.(mp = 143.2-145.8). Homer-Emmons olefination, followed by ester 

10 saponification gave 4-{(E>2-[5,5,8,8-Tetramethyl-3-(mercaptopyrmidin-2-yl) -5,6,7.8- 
tetrahydro-naphthalen.2-y»vinyl3benzoic add 155 (mp = 283-283.5). Substitution of 2- 
mercaptopyrimidine with 2-mercaptothia2ole gave 4-{(E)-2.[5.5.8.8-Tetramethyl-3- 

, . , « - ,^ «r T o v„^,^«onhAaimw'?,vl"»vinvllbaizoic add 154 (Mir= 



450). 

AMPT p. PRPPAR ATTQN OF ? V ^-nTOYOT .AN-^-YT VVl^BOMO-5,5,8,8- 

ri-TTi 1 n-TTT- T "ri? TTTP * TTYPPON 





To a solution of 1.8 g (6.3 imnoD of 2-formyl-3.bromo.5.5.8.8-tetramethyl-5.6.7.8- 
tetrahydronaphthalene in 70 mL of benzene was added 3 J mL of e&ylene glycol (63 mmol) 

20 followed by p-tDluenesulfonic add monohydrate (180 mg. 0.9 mmol). The reaction mixture 
was heated at reflux for about 3 hours and is then concenttated under reduced pressure. The 
residue was partitioned between ether and saturated sodium bicarbonate sototion. The etiier 
layer was washed with brine, dried over MgSO* and concentrated under reduced pressure. The 
residue was purified by flash diromatography 1 .4 % ethyl acetateO on a Biotage 40M SiCh 

25 cartridge to afford 1.5 g (72%) of 2-(l,3Hlioxolan-2-yl)-3-bromo.5.5.8,8-tetramethyl-5,6.7.8- 

tetrahydrcMiaphthalene as a crystalline solid. 
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EXAMPLE 32: PREPARATION OF 2-FORMYI^34m^OPHE^re■2-YL^MEIHYLVS.5.8.8- 
TETRA]VDBTHYI^5A7,8-TETTlAHv nPnNA^ 

To a -78 tetrahydrofuran (3.0 mL) solution of 2•(13-dioxolan-2-yl)-3-b^omo- 
5 5,5,83'tetramethyl-5,6,7»8-tetrahydronaphthalene (253 mg, 0.75 mmol) was added n-BuIi (1.6 
M in hexane, 0.49 mL). The reaction mixture gradually thickened over 45 min. A solution of 
thiophene-2-carboxaldehyde (0.09 mL, 0.94 mmol) in tetrahydrofuran (0.75 mL) was added 
drppwisc to the above slurry. The reaction mixture rapidly became homogeneous and was 
stirred at -78 C for 45 minutes. Saturated ammonium chloride and ethyl acetate ware added 
10 and the layers were separated. The organic layer was washed with brine, dried over magnesium 
sulfate and concentrated to give a yellow oil which was purified by prq>aralive thin layer 
chromatography (15% ethyl acetate/hexane) to give 2-(13-dioxolan-2-yl)-3-tl-hydroxy-l- 
(thiophene-2-yl)methyI]-5,5,8,8-tetraniethyl-5,6,7,8-tetrahydronapht^^ as a waxy solid 

(190 mg. 67%). 

15 The alcohol prepared above was dissolved in 7 mL of ethyl acetate and 75 mg of 10% 

Pd/C was added and the reaction mixture stirred under a hydrogen atmosph^e for about 4 
hours. The reaction mixture was filtered through Cehte and concOTtrated in vflo^ Hie 

resulting residue was purified by preparative thin layer chromatography (10% ^yl 
acetate/hexane) to give 2-formyl-3- [(thiophene-2-y l)methyl3-5,5,8,8-tetramethyl-5,6,7 ,8- 
20 tetrahydronaphthalene (94 mg, 62%) directiy. 

EXAMPLE 33: PREPARATION OF 4-rrEV2-/5-5.8.8-TETRAMETHYL-3>TfflOPHEN>2- 
YLMETHYI^5.6.7.8-TETRAHYDRO-NAP mTT Af J^Nr,2 -YL)VIN^ ACID 




25 Homer-Emmons olefination (following the procedure of Example) of 2-f ormyl-3- 

[(thiq)hene-2-yl)metiiyl]-5,5,8,8-tetramethyl-5,6,7,8-tetrahy^^^ mg, 0.3 mmol) 

i ! 

followed by ester hydrolysis (following the procedure of Example) of «diyl <E)-4- {2-[3- 
((tiuophaie-2-yl)niefliyl)-5,5,«,8-tetramethyl-5,6,7,«-tetrahydro-naphti^ 
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yl]vinyl}benzoate (53 mg, 0.11 mmol) provides 4-[(E)-2-(5^,8.8-tetramethyl-3-tbiophen- 
2ylmethyl-5,6 J3-tetrahydr(>naphthalen-2-yl)vinyl]b€m^ arid (30 mg, 63%) as a white 
crystalline solid 44 (m.p. 229.1-229.6 C). 




To a mixture of 2-(13-dioxolan-2-yl)-3-bromo-5,5,8,8-tetramethyl-5,6,7,8- 



10 tetrahydronaphthalene (250 mg, 0.74 mmol) and tetralds(triphmylphospine)palladium(0) (21 
mg, 0.01 8 mmol) undo- an argon atmosphere was added a 0.5 M tetrahydrofuran solution of 4- 
mediylbenzylzinc chloride (7.3 mL, 3.68 mmol). The reaction mixture was stirred at reflux 
overnight and partitioned between saturated ammonium chloride solution and ^yl acetate. 
The organic layer was washed with brine, dried over MgS04, and concentrated in vacuo. The 

15 residue was purified by preparative thin layer chromatography on silica gel (5% ethyl 

acetate/hexane) to give 2-(13-dioxolan-2-yl)-3-(4-mediylb«izyl)-5,5,8,8-tetramethyl-5,6,7^ 
tetrahydronaphthalene as a white crystalline solid (240 mg, 89%). 

A solution of the acetal prepared above (240 mg, 0.66 mmol) in 3 mL of 
tetrahydrofuran was treated with 2 mL of 1 M HCl. The reaction was stirred at room 

20 temp^ature for 1 5 hours and then partitioned between saturated anunonium chloride solution 
and ethyl acetate. The organic layer was washed with brine, dried over MgS04 and 
concentrated to give 2-formyl-3-(4-methylbenzyl)-54,8,8-tetramethyl-5,6,7,8- 
tetrahydronaphthalene as a clear oil which slowly crystallized on standing (210 mg, 99%). 
Homar-Emmons olefination (following the procedure of Example) of 2-f Qrmyl-3-(4- 

25 methylben2yl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthal«ie (210 mg, 0.65 mmol) 

followed by ester hydrolysis (following the procedure of Example) of ethyl 4-{(E)-2-[ 5,5,8,8- 
tetramethyl-3.(4-methylbenzyl)-5,6,7,8-tetrahydro-naphthalen-2-yl]viny^ gave 4- 
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{(E)-2-[5^33-tettamethyl-H4-methylbenzyl)-5A7.8-tetrahydro-naphthalen-^^ 
yl]vinyl}benzoic acid (185 mg, 64%) as a white crystalline solid (m-p. 2163-217.3 " C 
(CH2CL2/hexane) 42. 

HX AMPLE 35: PREPARATION OF4-(fE)-2-r5. ^ R R-TFTRAMETHY1^3-(2,4- 
DTFLUQRQBH^ZYLV5A7.8-Tl?rRAHYDR( > -NAPHTHAI£N-2-YL1VIbm.lBEN^ 

ACED 




To a mixtare of 2-(13-dioxolanr2-yl>3-bromo-5,5,8.8-tetramethylr3,6,7,8- 
tetrahydrona5)hthalene (250 mg, 0.74 nunol) and tetrakis(triphenylphospine)paUadium(0) (21 
mg, 0.018 mmol) under an argon aanospbere was added a 0.5 M tetrahydrofuran solution of 
2,4-difluorobenzylzinc chloride (73 mL, 3.68 mmol). The reaction was stirred at reflux 
ovemi^t and partitioned betwerai saturated ammomum chloride solution and ethyl acetate. 
The organic layer was washed witii brine, dried over MgS04, and cwicentrated. The residue 
was purified by preparative thin layer chromatography on silica gel<5%-ethyl acetatc/hexane) 
to give 2-(13-dioxolan-2-yl)-3-(2,4-difluorobenzyl)-5,5,B,8-t€tramethyl-5,6,7,8- 
tetrahydr(m£^hthalaie as a white crystalline solid (245 mg, 96%). 

A sohition of the above acetal (245 mg, 0.71 mmol) in 3 mL of tetrahydrofuran was 
treated with 2 mL of 1 M HQ. The reaction was stirred at room temi)erature for 1.5 hours and 
then partitioned between saturated ammonium chloritte solution and ^yl acetate. The organic 
layer was washed with brine, dried over magnesium sulfate and conc^traied to give 2-foimyl- 
3-(2,4-difluoroben2yl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphlhalene as a clear oil (239 

mg, 97%). 

Homet-Emmons olefmation (foUowing die procedure of Example) of 2-formyl-3-(4- 
methylbenzyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphtiialene (239,mg, 0.69 mmol) 
foUowed by ester hydrolysis (foUowing the procedure of Example) of ethyl 4-{<E)-2-[ 5,5,8,8- 
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tetramethyl-3K2Admuorobenzyl)-5,6 J,8-tetrahydrc>-naphthalen-2-yl]viny^ gave 4- 

{(E>2-[5,5,8,8-tetramelhyl-3-(2Adifluorobenzyl)-5,6J,8-tetrahydro-napha^ 
yl]vinyl}benzoic add (230 mg, 72%) as a white arystalline solid (m.p. 2043-205.7 " Q 
recrystallized from (CH2Cl2/hexane) 43. 



FX AMPLE 36: PREPARATION OF 4- 



■TIETRAAffiriDac: 



[OPHEN-3- 



YT .V^ ■fi.7.8-TETRAHYDRO->J APHTH AT ■KN-2-YL1VINYT .mENZQIC ACID 



10 



15 



20 



25 




A 0"* C, -3M tetrahydrofuran solution of 1.832 g (6.21 mmol) of 2-formyl-3-hromo- 
5,5,8,8-tetram^yl-5,6,7,8-tetrahydro-naphthylaie and diethyl 4-carboeaioxybai2yl 
phosphonate was treated with 301 mg (7.51 mmol, 60% wt in mineral oU) NaH in 30 mg 
portions over ten minutes. The mixture was then stirred at room temperature for 2 hours before 
diluting wiflj ahyl achate and washing wifli wator. The organic layer was washed witii brine, 
dried over magnesium sulfate, and concentrated in vacuo. The resulting residue was tritiirated 
with methanol yielding 1334 g (50%) Ethyl 4-[(E>2-(3-bromo-5,5,8,8-tetramethyl-5,6,7,8- 
telTahydro-naphthylMi-2-yl)vinyl]ben2oate. 

To a solution of 375 mg (.825 mmol) of Ethyl 4-[(E)-2-(3-bromo-5,5,8,8-tetramethyl- 
5,6,7,8-tetrahydro-n^htiiylai-2-yl)vinyl]baizoate and 48 mg (.0413 mmol) of 
tetrakis(triphenylphosphine)palladium(0) in 17 mL of toluene were added 158 mg of 3- 
thiophene boronic acid(Aldtich) in 5 mL of etiianol foUowed by 8.5 mL of a saturated aqueous 
sodium bicarbonate. The mixdire was rrfluxed for 16 hours before diluting witii ethyl acetate 
and washing with water. The organic layer was washed with brine, dried over magnesium 
sulfate and concentrated in vacuo yielding 504 mg of crude residue. The crude raixtiire was 
purified by prq)aratory thin layer chromatography on silica gd (2% ethyl acetate in hexane) 
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yielding 160 mg (44%) of Ethyl4-{(E)-2-I5^3,8-tetrainethyl-3-(thiophOT^ 

tetrahydrcHnaphtfaylen-2-yl]vinyl}beiux)a£e. 

A slurry of 160 mg (.359 mmol) of Ethyl 4-{(E)-2-[5,5,8»8-tetramethyl-3-(thiophen-3- 
yl)-5,6J,8-tetrahydro-naphthylen-2-yl] vinyl} benzoate, IS mL etiianol, and 1 mL of 2M 

5 aqueous NaOH was stirred for 16 hours before neutralizing with ammonium chloride and 

extracting witii ethyl acetate. The organic layer was washed with brine, dried over magnesium 
sulfate, and concmtrated in vacuo yielding 1 15 mg of crude residue. The residue was purified 
by prq)aratory thin layo* chromatography on silica gel (10% MeOH-dichloromelhane) to 
provide 42 mg of 4-{<E>2-{5,5,8,8-tetramethyl-3<ti3iophen-3-yl>5,6 

10 naphthal«-2-yl]vinyl}baizoic acid 48. 

FXAMPLE 37: PREPARATION OF 4-rniV2-f5.5.8.8> TErRAMETrHYI^3>PYRA^ 
YIJV1ETHYI^6-HYDROXY-5,6.7.8-TETRAHYDRO-NAPHTHAI^ 

BENZOIC ACID 

15 

O 




STEP A: PREPARATION OF 1 . 1 .4 A7-PENTAMENTHYI^2-TETRALONE 




To a solution of 20 g (140.6 mmol) of dihyrdo-2,2,5,5-tetramethyl-3(2H)-furanone in 
20 240 mL of tolume, cooled in a wet ice bath, was added 38.4 g (288 mmol) of aluminum 
chloride portionwise over 15 minutes. After the addition was complete the reaction mixture 
was allowed to warm to room temperature. After 16 hours the reaction was car^Uy poured 
onto ice and the resulting aqueous solution was extracted witii ethyl acetate. The organic 
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20 



fraction was washed with brine, dried over sodium sulfate and concentrated under reduced 
pressure. The readue was purified by flash chromatography (elution with hexane) to afford 26 
g (86%) of l,l,4,4,7-pentamemthyl-2-t«ialone (M* = 216). 



■TRTRAMETHYL-S. 



TErRAHYDT?nNr aphth at KNF. 




To a solution of 10 g (462 mmol) of l,lA4,7-pentamenthyl-2-tBtralone in 100 mL of 
ethyl alcohol was added 7 g (185 mmol) of sodium borohydride portionwise over 15 minutes. 

10 Afto: die addition was complete tiie reaction was stirred at room tenq)erature. After 16 hours 
the reaction mixture was concentrated under reduced pressure and tiie residue was partitioned 
between water and etiiyl acetate. The organic extracts were washed witii brine, dried over 
sodium sulfate and concentraied under reduced pressure. The residue was purified by flash 
chromatography (gradient elution witii 5-10% efliyl acetate/hexane). followed by crystallization 

15 from hexane to afford 4 g (40%) of 3-med»yl-6-hydroxy-5,5,8,8-tettameaiyl-5,6,7,8- 
tetrahydron^hthalene.(M^ = 218). 

STRP C: PREPARATION OF 2-BROMO-3-METP YT ^6-ACETOXY -5.5,8,8- 
TFTR AMETHYI^5.6.7.8-TETRAHYT^Pr>M APHTH AT FNE 



AcO 




To a solution of 4 g (18.3 mmol) of 3-mettiyl-6-hydroxy-5,5,8,8-tetrametiiyl-5,6,7.8- 
tetrahydronaphtiialene in 20 mL of acetic add was added 3.25 g (20.15 mmol) of bromine 
dropwise and tiie reaction was stirred at room temperatore. After 16 hours, the reaction mixture 
was poured into brine and extiacted witii etiiyl acetate. The organic extracts were washed witii 
25 brine, dried over sodium sulfate and concentrated undo: reduced pressure. The residue was 
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purified by flash chromatogrj^hy (gradient elution with hexane-15% ethyl aceiate/hexane) to 
give 6 g<97%) of 2-bromo-3-methyl-6-acetoxy -5^,8,B-tetramethyl-5,6,7.8- 
tetrahydronaphthaIene.(M^ = 338). 

5 STEP D: PREPARATION OF ETHYI^4.rmV2-fS.5.8.8-TET RAMEmYI^3-METHYL-6-. 
Ar!RrOXY-5.6.7.8-TETRAHYDRO-N APHTH AT ■FN-2-YL^VINYL1BENZ0ATE 

O 



AcO 

A mixture of 1 g (3 mmol) of 2-bromo-3-methyl-6-aortoxy -5^,8,8-tetrain^yl-5,6,7,8- 
tetrahydronaphthalene, 0.68 ml (4.42 mmol) of trimeihoxyvinyl silane, 0.12 g (033 mmol), 

10 0.36 g of Tri-o-tolylphosphine (1 J2 mmol) and 0.82 mL of tiiefliylamine (5.9 mmol) in 10 mL 
of N-m«hyl pyroffidine was heated at 90 *C. After 3 hours, the reaction was cooled to room 
tempaature and 037 mL (3 J mmol) of ethyl-4-hromob€ai2oate, 0.82 mL of triethylamine (5.9 
mmol) and 5 mL (5 mmol) of tetrabutylammonium fluoride were added. Ilie reacti<»i mixtmre 
was heated to 90° again. After 2.5 hours, the reaction was cooled to room tempoature, poured 

15 into brine and extracted with ethyl acetate. The csrganic extracts wae washed with brine, dried 
over sodium sulfate and concaitrated under reduced pressure. The residue was purified by flash 
chromatography (gradient elution 2-3% ediyl ac^te/hexane) to aS(xd 02 g (20%) of Etiiyl-4- 
[(E>2-(5,5,8,8-Tetramethyl-3-m«hyl-6-acetoxy-5,6.7,8-t«rahydro-n^hthalen-2- 

yl)vinyl]bai2oate (M* = 434) 




104 



wo 02/28810 



PCT/EPOl/11017 

■ 



STFP R: PREPARATION OFFTTm,.4-r(EV2 -^^-«^-R-8-TEIRAMEIHYL-3= 
Bl?OMOMETHYI^6-ACETOXY-Sf;.7.{^-TErR AHYDRO-NAPHTHAT.EN-2- 

YT .^VINfYLIBENZOATE 



O 



AcO 




5 

A solution of 0.68 g (1 J7 mmol) of Elhyl-4-[(E)-2-(5^,8,8-Tetramethyl-3-methyl-6- 
acetoxy-5A73-tetrahydro-iiaphthalrai-2-yl)vinyl]baizoate, 036 g (2,03 mmol) <rfN- 
bromosuccinimide and 0.019 g (0.078 mmol) of benzoyl peroxide in 15 mL of carbon 
10 tetrachloride was heated at reflux. After 3 hours the reaction was cooled to room temperature, 
washed with 10% aqueous sodium bisulfite and brine, dried over sodium sulfate and 
concentrated under reduced pressure. The residue was purified by flash chromatography 
(gradient elution, hexane-5% ethyl acetate/hexane) to give 0.45 g (56%) of Ethyl-4-[(E)-2- 
(5,5,8,8-TetramethyI-3-bromomethyl-6-acetoxy-5,6,7,8-tettahydro-naphihalen-2- 

15 yl)vinyl]benzoate(M* = 512) 

flTFP V- PREPARATION OF RTHYL^-frEW S S R.g-TETR AMETHYl^SPYRAZOI^lr 
YT MFTHYI^6-ACErOXY-5.6.7.8-TFTR AHYDRO-NAPHTHAT W-7 r 
20 YT .^VINYLIBENZOATE 



O 




A solution of 0.45 g (0.88 mmol) of ethyl-4-[(E>2-(5,5.8,8-tetramethyl-3- 
25 bromometiiyl-6-acetoxy-5.6,7,8-tetrahydro-naphthalen-2-yl)vinyl]ben2oale and 0.24 g (3.5 
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mmol) of pyrazole in 15 mL of N-methyl pyrrolidine was heated to 100 After 2 hours the 
reaction was cooled to room temperature, poured into teine and extracted with ethyl acetate. 
The organic extracts were washed with brine, dried ovex sodium sulfate and-concoitr^ed midex 
reduced pressure. The residue was purified by flash chromatography (gradioit eluticm, hexane- 
5 16% ethyl acetate/hexane) to afford 32 g (73%) of ethyl-4-[aE)-2-(5,5,8,8-tetramethyl- 

3pyra2ol-l-yhnediyl-6-acetoxy-5,6,7,8-tetrahydro-naphthalai-2-yl)vinyl]benzoate(M*=500). 

FiTFP ^ PREPARATION QF 4-frEV2-r5.5.8.8-TETRAMETHYI^3P YRAZOL-l- 
YT .MT?nm^6-HYDROXY-5.6.7.8-TETRAHYDRO -N APHTHA! 

10 YI^^VINYLIBENZQIC ACID 




A mixture of 0.32 g (0.64 mmol) of ediyl-4-[(E)-2-(5,5,8,8-tetrametfayl-3pyra2ol-l- 
yUnefliyl-6-acetoxy-5,6,7,8-tetrahydro-naphthalai-2-yl)vinyl]baizoate in 10 mLof 1 N liOH 

1 5 solution and 20 mL of eihyl alcohol was heated to reflux. After 1 hour the reaction was cookd 
to room tenq)CTature, concentrated under reduced pressure and acidified with 2 N HCL The 
aqueous solution was extracted with ethyl acetate, washed with brine, dried ov» sodium sulfate 
and concentrated under reduced pressure. The residue was recrystallized from ethyl acetate/ 
hexane to afford 0J22 g (82%) of 4-[(E>2-<5,5,8,8-tetramethyl-3pyrazol-l-yhnethyl-6-hydroxy- 

20 5,6,7,8-tetrahydro-naphthalai-2-yl)vinyl]benzoic acid SS (jap = 241.6-242.0°). 

F.XAMPLE38 : PREPARATION OF 4-ffEV2-f5 J.8.8-TErRAMETHYI^3PYRAZOL-l- 
YT .MFTHYL-7-HYDROXY-5.6.7.8-TETRAHYDRri-N APHTHA! KN-T. 
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STKP A: PREPARATION OF 7- ArFTOXY-VTt1?OMO-2-B RQMOMETHYI^5.5.8.8- 
TF.TR AMETHYI^5.6.7.8-TFTR AHYDRON APHTH AT KNTR. 




A mixture of 7-acetoxy-3-bromo-2,5^3,8-pentame«hyl-5,6 J.S-tetrahydronaphthalene 
containing a smaU amount of the 2-(ies-bromo derivative (10 g, 295 mmol) was dissolved in 
carbon tetrachloride. N-bromosucdnimide (5.25 g, 29 J mmol. recrystallized from water) was 
added and the solution was warmed to 50 "C. Benzoyl peroxide (036 g, 1.47 mmol) was added 

10 and the solution was brought to reflux while being irradiated widi a tungstoilaiiq). The 
ieacti(» was monitOTed by TLC (Si02, 5% eflxyl acetate/hexanes) and a total of 0.15 g of 
additional N-bromosucdnimide was added over 3 hours. The reactiwi was cooled to room 
temperature, filtered, and evaporated to ^ve a semi-solid residue. Chromatogr^hy (SiOz, 5% 
ethyl acetate/hexanes) gave an oil (9.85 g) consisting of an inseparable mixture of 7-acetoxy-3- 

15 bromo-2-bromometiiyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphtiialene and tiie 
corresponding 3-des-bromo derivative which was takoi directly into ttie next reaction. 

STRP B: PREPARATION OF 7-ACFroyY-3-BRO MO-2-FORMYL-5.5.8,8- 
TETRAMETHYL-5.6.7.8-TETRAHYDR0NAPF ™AT FNF. 

20 

To a solution of sodium methoxide ( 7 mL, 30.6 mmol, 25 wt% solution in metiianol) 
diluted vwfli 7 mL of additional methanol was added a solution of 2-nitropropane (3.63 mL, 
3533 mmol) in 3 mL of methanol The reacticm was stirred for 10 minutes and a solution of 
die product mixture (9.85 g) from the preceding reaction in 84 mL of metiianoi and added 

25 slowly with stirring. The reaction was foUowed by TLC (SiOz, 5% efliyl acetate/hexanes) and 
was judged to be complete after 5 hours at rt The reaction mixture was concentrated and 
partitioned between ettiyl acetate and satiirated NaHCOs sototion. The organic layer was 
washed witii brine, dried over sodium sulfate, and ev^orated to ^ve a tiiick oil which was 
purified by chromatography (Si02, 2-5 % ediyl acetate/hexane) to yield 7-acetoxy-3-bromo-2- 

30 formyl-5,5,8,8-teOametijyl-5,6,7,8-tetrahydronaphtiialene (3 g, 36 %) as a clear oU which 
slowly solidifies on standing. 

RT FP r- PREPARATION OF 7-ACFTOXY-3-BRO MO-2-f 13-DIOXOLANE-2-YLV5,5,8,8 
TFTR AMT7rHYL-5.6.7.8-TErRAPYDRQNAPHTH AT PNE 
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7-Acetoxy-3-bromo-2-fonnyl-5,53,84etrametbyl-5,6 J3-te^ (03 g, 

5 0.849 mmol) from the preceding reaction was dissolved in 2 mL of benzene. Ethylene glycol 
(0.104 mL, 1.87 mmol) and p-toluenesulfonic acid monohydrate (0.024 g, 0.127 mmol) w«e 
added. A Dean-Staik apparatus was attached to the reaction flask and the reaction was brought 
to reflux for several hours. When the reaction was judged complete by TLC (Si02, 20% ethyl 
acetate/hexanes), dichloromethane (25 mL) and sodium bicarbonate solution (50 mL) ware 
10 added and the layers were separated. The aqueous layer was extracted one more time with 
dichloromethane. The combined organic layers were washed with brine, dried over sodium 
sulfate and concentrated to give 7-Acetoxy-3-bromo-2-(l,3-dioxolane-2-yl)-5,5,8,8- 
tetramethyl-5,6,7,8-tetrahydronaphthalOTe as an oily residue Aat was used directly in the next 
stq>. 

15 

STEP D: PREPARATION OF 3-BROMO-2-f L3-DIQXQLANE-2-YLV7-HYDROXY- 
5,5.8.8-TEIRAMETHYI^5,6.7.8-TETRAHYDRONAPHT HAIXb^ ' 




The crude acetal from the proceeding step was dissolved in 8 vaiL of 1 :1 
tetrahydrofiiran/methanol and a solution of UGH (0.17 g, 4 mmol) in 2 mL of water was added 
slowly. The reaction was stirred for 2 hours and then partitioned b^^n ethyl acetate and 
water. The aqueous phase was adjusted to pH 6 wifli 1 M HCL The organic layer was washed 
25 with brine, dried over sodium sulfate, and concentrated to give 3-brom<>-2-(l 3-dioxolane-2-yl)- 
7-hydroxy-5,5,8,8-tetrametiiyl-5,6,7,8-tetrahydron^hflialene (0.29 g, 96%) as a foamy residue. 

STEP E: PREPARATION OF 3-BROMO-2-n .3-DIQXO LAislE-2-YLV7-OXO-5.5.8.8- 
TETRAMErHYI^5.6.7.8-TETRAHYnRONAPHTHALENE 

30 



108 



I 



wo 02/28810 



PCT/EPOl/11017 



10 



15 



20 





The above alcohol (0^9 g, 0.816 mmol) was dissolved in 16 mL dichloromethane. Dess- 
Martin periodinane (0.38 g, 0.9 mmol. Lancaster) was added. The reaction was stirred for 1 h 
and was worked up by pouring into a saturated solution of sodium bicarbonate and 1 M sodium 
thiosulfate. This mixture was extracted twice with dichloromethane and the combined organic 
layers wore washed with water, sodium bicarbonate soluticm, and dried over sodium sulfate. 
The solvait was evaporated and the readue was chromatogr^ed (Si02, 20 % ethyl 
acetate/hexanes) to give 3-btomo-2-(l,3-dioxolane-2-yl>7-oxo-5^.8,8-tetrameaiyl-5,6,7,8- 

tetrahydron^hlhalene (200 mg, 69%) as a clear oil 

STEP F: PREPARATION OF ^-RROMQ-2- F nPMYT^7-QXO-5.5.8,8-TErRAMErHYL- . 
'S.6.7.R-TETRAHYDRONA PHTH AT F>iF. 

^ Br 





The above ketone was dissolved in approximately 5 mL of tetrahydroforan and 0.75 mL of 
3 M HCl was added. The mixture was stirred for 3 h at room temperature f oUowed by 1 h at 40 
•^C. The reaction was partitioned between ethyl acetate and saturated sodium bicarbonate 
solution. The organic layer was washed witii brine, dried over sodium sulfate, and concentrated 
to give 3-hromo-2-formyl-7-oxo-5.5,8,8-tetramethyl-5,6.7,8-tetrahydronaphthalene as a soUd 

that was carried directly into the next reaction. 

S TEP G: PREPARATION OF ETHYL flBM -r^-'^^-BROMO-7-OXO-5,5.8,8T 

^ c^no AiJVTM>r>M APHTH AT KNffl-9^YT .^VINYLIBENZQATE 





GO-Et 



25 To the above aldehyde (0.19 g. 0.612 mmol) in 3 mL tetrahydrofuran was added ethyl 4- 
(diethoxyphosphorylmethyl)benzoate (0.275 g, 0.919 mmol). The resulting solution was 
cooled in ice/water and NaH (0.029 g, 0.73 mmol. 60% disp. in oil) was added. The reaction 
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was stirred while allowing to warm to rt ova- 2.5 h. The reaction was judged complete by TLC 
(Si02, 20% ethyl acetate/hexanes) and partitioned between IM HCl and ethyl acetate. The 
organic layer was dried over sodium sulfate, evapc«^ted to a foam and purified by silica ^el 
chomatography (20% etiiyl acetate/hexanes) to give ethyl ^)-4-l2-(3-bromo-7-oxo-5,5,8,8- 
5 tetramediyl-5.6,7,8-tetrahydronaphtiialaie-2-yl)vinyl]bmzoate (230 mg, 82%). 



STEP H: PREPARATION OF ETHYL /E^-4-f2-r3-HYDROXYMET HYI^7>OXO>5.5,8.8>> 
10 TRn^AMETHYI^S.6.7.8-TETRAHYDRQNAPHTH AT .RNnR.2.YL->VINYL1BENZOATE 




The above bromo-ester (0.23 g, 0.5 mmol) was dissolved in 2 mL of anhydrous 1,4-dioxane 
15 and hydroxymetiiyltributyltin (241 mg, 0.75 nraiol, ref.: Seitz, D£. et. al.> Synth. Comm. 1983, 
13(2), 129; Kosugi, M. et aL, Chenu Lett. 1985, 997) was added while tiie reaction solution 
was degassed with argon. Tetrakis(tQphenylphosphine)paDadium(0) (0.043 g, 0.038 mmol) 
was added and the reaction was stirred at reflux overnight. The reaction was cooled to room 
temperature and partitioned betweai ethyl acetate and saturated sodium bicarbonate. The 
20 layers were separated and the aqueous lay^ was extracted one time more with ethyl acetate. 
The combined organic layers were washed with Inine, dried ov« sodium sulfate, and 
concentrated. The residue was purified by silica gel chromatography (25% etiiyl 
acetate/hexane) to give ethyl (B)-4-[2-(3-hydroxymethyl-7-ox!p-5,5,8,8-tetramethylt5,6,7,8- 
tetrahydronaphthalene-2-yl)vinyl]bra2oate (150 mg, 73%). 

25 

STEP I: PREPARATION OF ETHYL 4-r2-f 3-BROMOM KrHYL-7-OXO-5.5.8.8- 
TETRAMETHYI^5.6.7.8■TETRAHYDRONAPHTHALENE-2-YL) ^^ 




no 



fV««MO « nil t ■ Ik 
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The above hydroxymethyl material (0.15 g, 0368 mmol) was dissolved in 4 mL of 
dichloromethane and treated witii triphenylphosphine (0.1 1 g. 0.42 mmol) and N- 
bromosuccinimide (0.076 g, 0.42 mmol). The reaction was stirred at rt for 30 min and then 
concentrated to give a foamy residue which was chromatographed (SiOi, 25% ediyl 
acetate/hexanes) to give ethyl 4-[2-(3-bromomethyl-7-oxo-5^,8,8-tetramethyl-5,6,7,8- 
tetrahydr(Miaphthalene-2-yl)vinyl]baazoate (130 mg, 75%) as an oil 



RTFP T: PREPARATION OF FTHYL rE^-4- P-r^-rPYR AZOT ,F,-1 -YT .METHYL)-7-0X0- 
10 ^■5.8.8-TETRAMErHYI^5.6.7«-TETRAHYn RnN APHTHA! ENE-2-YL)VI^^ 

BENZOATE 





COjEt 



COjEt 



To a solution of 18-crown-6 (0.092 g, 0.35 mmol) and potassium tert-butoxide (0.04 g, 0.36 
15 mmol) in 2 mL of tetrahydrofuran was added Pyiazole (0.024 g, 0.346 mmol). The reaction 
mixture stirred for 10 minutes and a solution of die above bromomethyl material (0.13 g, 0.277 
mmol) in 1 mL of tetrahydrofuran was added drppwise over 5 minutes. The reaction was 
stirred fw 45 minutes at rt and tiien partitioned between ethyl acetate and ammonium chloride 
solution. The ethyl acetate layer was dried over sodium sulfate, concentrated, and the readue 
20 chromatographed (Si02, 30% ediyl acetate/hexanes) to give ethyl (E)-4-[2-(3-(pyrazole-l- 
yhnethyl)-7-oxo-5,5.8,8-tetramethyl-5.6,7.8-tetiahydronaphthalene-2-yl)vinyl]benzoate(120 

mg,94%). 



■<;tRP K: PREPARATION OF fEV4-r2- n-n>YRAZOLF,-1-YLlyEETHYLV7-OXO-5,5,8,8-. 
25 TRTR AMETHYJ .5,6.7.R-TErRAHYr)RON APHT H AT .RNE-2-YL^VTNYT ,1BENZOIC ACID 





COjH 

To a solution of the above ester (0.12 g, 0.262 mmol) in 4 mL of ethanol was slowly added 
a solution of UGH (0.055 g, 1.3 mmol) in 0.65 mL of water. The cloudy reaction mixture was 
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heated to 50 °C, at which point the reaction became homogeneous. The reaction was stirred at 
50 °C for 2 h and then cooled to room temperature and treated with 1 .1 mL of 1 M HQ sdution 
was added A white solid sq>arated and stiiiing was-craitinued fw 30 minutes. Hie solid was 
filt»ed, rinsed with 20% edianol/watar, and dried under vacuum to give (E)-4-t2-(3-(pyrazole- 
5 l-ylmethyl)-7-oxo-5,5,8,8-tetramethyl-5,6J,8-tetrahydronaphthalene-2-yl)vinyl]benzoicacid 

(71 mg, 63%) 144 as a white soKd: M-H = 42T, mp 264.8-265.9 **C. 



EXAMPLE 39: PREPARATION OF fE)-4-J2-r3-rPYRAZOL E-l-YLMETHYLV7- 
HYDROXY-5.5.8.8-TETRAMETHYI^S.6.7.8-TETRAHYD RONAPHTHAT,F.NF,-2- 

YL^VINYLIBENZOIC ACID 



10 



AcO 




steps GKI 




COjH 



Proceeding as in steps 7-11 above except repladng 3-bromo-2-formyl-7-oxo-3^,8.8- 
15 tetramethyl-5,6,7,8-tetrahydronaphthalene at die beginning of step 7 widi 7-acetoxy-3-lM:omo- 
2-fQrmyl-5^,8,8-tetramethyl-5,6,7,8-tettahydronaphthalene leads to (E)-4-(2-(3-(pyrazole-l- 
yhnethyl>7-hydroxy-5,53,8-tElramediyl-5A7,8-tetrahydronaphthalene-2-yl)vinyl]benzoic^^ 

(158 mg, 81 %) 137 as a white solid; M-H = 429; mp 247.6-248.4 °C. 

20 EXAMPUB 40: PREPARATION OF4-ffE)-2-(5.S.8.8-TETRA METHYL.3-PYRAZOI^l- 
YLMETHY1^6-KETO-5-6.7.8-TETRAHYDRO-NAPHT HAT P.N-7.-YT .^VTNYLI-BENZOIC 

AOD 




25 STEP A: PREPARATION OF 4-rrEV2-f5.5.8 8-TETRAMET HYL-3-METHYL-6- 

HYDROXY-5.6.7.8-TETRAHYDRO-NAPHTWAT KN-2-YL)VINYI -l-BRNZOIC ACED 
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10 



A suspension of 6 g (13.8 mmol) of ethyl-4-[(E>2-(5^,8,8-tetramethyl-3-methyl-6-acetoxy- 
55,6 J,8-tetrahydro-naphthal€»-2yl)vinyl]b«aizoate obtained from Example 37, Step D was 
stirred with 30ml of 1 N liOH and 30 mL of MeOH at reflux temperature. After IJ h, the 
reaction mixture was cooled to room temperature, acidified with 2 N HCl and extracted with 
ethyl acetate. The organic fraction was washed with brine, dried over sodium sulfate and 
concentrated under reduced pressure to afford 3^ g (70%) of 4-[(E)-2-(5,5,8,8-tetiamethylr3- 
methyl-6-hydroxy-5,5,6,7,8-tetrahydro-naphthalen-2yl)vinyl]-benz(ncacid. 

STRP B: PREPARATION OF MFHYI^rfEV2-(5 « R-TRrrRAMFTHYl.3-MErHYL-6: 
HYDROXY-5-6.7.8-TETRAHYDRO-NAPHTH ALEN-2-YT .^VTNYLl-BENZOIC ACID 




15 To a mixture of 3.4 g (9.3 mmol) of 4-[(E)-2-(5,5.8,8-tetramediyl-3-methyl-6-hydroxy- 

5,5,6,7,8-tetrahydro-naphthalen-2yl)vinyl]-benzoic add in 100 ml of 1:1 UeOHKMiClz was 
added 5.4 ml of 2M (1 1 .2 mmol) trimethylsilyldiazomeihane at room tennperatnre. After 0.5 h, 
added additional 5.4 ml of trimethylsilyldiazomethane. After 16 h, added OJ ml of acetic acid 
and the reaction mixtiire was concentrated under reduced pressure. The residue was partitioned 

20 between water and ethyl acetate and tfie organic fraction was sq>arated, washed with aqueous 
sodium bicarbonate and brine, dried over sodium sulfate and adsorbed onto sifica geL 
Purification by flash chromatography (gradient elution, hexane-15% etiiyl acetate/hexane) to 
provide 1.8 g (51%) of metiiyl-4-[(E)-2-(5,5,8,8-tetramethyl-3-methyl-6-hydroxy-5,6,7,8- 
tetrahydro-n^hthalen-2-yl)vinyl]-baizoic acid.(M* = 378). 
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STEP C: PREPARATION OFMEHYL^4>f(^V2>.(5^.8.8-TETRAI^THYI^3-METHYL-6- 
OXO -5.6.7>8-TETRAHYDRO-NAPHTHATPN^9^-YI.^VINYLVBENZOI^ ACID 




To a solution of 1.6 g (4.2 mmol) of inethyl-4-[(E).2K5^,8,8-tetramethyl-3-methyl-^ 
5,6 J,8-tetrahydro-naphthalm-2-yl)vinyl3-ben20ic acid in 50 inl of methylene chloride at room 
temperature was added 1 .97 g (4.65 mmol) of Dess-Martin periodinane. After 1 h, the reaction 
mixture was poured into brine and extracted with methylene chloride. The organic fraction was 
10 dried over sodium sulfate, adsorbed onto silica gel and purified by flash chromatography 

(gradient elution: hexane-8% ethyl acetate/hexane) to aford 1.45 g (92%) of mediyl-4-I(E)-2- 

(5,5,8,8-tetramethyl-3-methyl-6-oxo-5,6,73-tetrahydro-naphthalm-^^^ 

(M*=376). 

15 STEP D: PREPARATION OF MEHYI^rfEV2-f5.S.8.8>TETRAMEnr^ 

BRQMOMETHYI^6-OXO-5.6.7.8-TETRAHYDRQ-NAPHTHAIJBN>2-YLWI^ 

BENZOIC ACID 



O 




20 

To a solution of 1.4 g (3.7 mmol) of methyl-4-[(E)-2-<5,5,8,8-tetramethyl-3-methyl-6-oxo- 
5,6,7,8-tetrahydro-naphthalen-2-yl)vinyI]-benzx)ic acid and 0,86 gX4.8 mmol) of N- 
bromosuccinimide in 50 ml carbon tetrachloride was added 45 mg (0.19 mmol) of benzoyl 
peroxide and the reaction was heated to reflux temperature. After 1 h, added additional 45 mg 
25 of benzoyl peroxide and 25 ml carbon tetrachloride. After 3 h total added 0.2 g N- 

bromosuccinimide. After 6 h total, cooled to room temperature, washed with 10% aqueous 
sodium bisulfite and brine, dried ova- sodium sulfate and adsorbed onto silica gel. Purified by 
flash chromatography (hexane-8% ediyl acetate/hexane) to give 1.0 g <59%) of methyl-4-{(E)- 
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2-(5^3,8-tetiamethyl-3-bromomeihyl-6K>xo-5A7.8-tetxahydr(>-naph 
boizoic add. 



5 




A solution of 1 .0 g (2.2 mmol) of metiiyl-4-l(E>2-(5.533-tetramethyl-3-broinomethyV6^^ 
10 5 67 8-tettahydro-naphthalen-2-yl)vinyl]-ben2oic acid and 0.6 g (8.8 mmol) of pyrazole m 15 
of N-methylpyrroUdine was heated at I0(f . After 2 h, the reactiou mixture was cooled to 
room termpaature. poured into brine, extracted with ethyl acetate, washed with brine and toed 
over sodium sulfate. The organic solution was adsorbed onto silica gel and purified by flash 
chromatography (gradient elution: hexan6-18% ethyl acetateAiexane) to afford 0.71 g (73%) of 
15 Methyl-4-[(E)-2-(5,5,8,8-tetramediyl-3-pyrazol-l-ytaiethyl-6-oxo -5,6,7.8-teU:ahydro- 

njq)htiialai-2-yl)vinyl]-baizoic add (MH* = 443).. 

A mixmre of 0.7 g (1 38 mmol) of mefliyl-4-[(E>-2-(5,5,8,8-tetramethyl-3-pyrazol-l-ytoethyl. 
6^xo -5,6,7,8-tetrahydro-naphthalen-2-yl)vinyll-beDZoic acid in 40 ml of MeOH and 20 ml of 
20 INUOH was heated to reflux temperature. After Ih, the reaction was cooled to room 

temperature and the MeOH removed under reduced pressure. The aqueous solution was 
addified with 2 N HQ. extracted with ethyl acetate, washed with brine, dried over sodium 
sulfate and adsorbed onto siUca gel. The product was purified by flash chromalogr^hy 
(gradient elution: 10-30% ethyl acetate/hexane with 02% acetic add) and by recrystalhzation 
25 (ethyl acetate/hexane) to afford 100 mg (15%) of 4.[(E)-2.(5,5.8,8-tetiameaiyl-3-pyra»H- 
yhnethyl-6K>xo .5.6.7.8-tetrahydro-naphthalen-2-yl)vinyl]-benzoic add (mp = 233-233.5) 133. 
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EXAMPLE 41: PREPARATION OF 4-rrE>-2-(S.S.g.8-TETRAMETHYI^3-P YRAZQI^l- 
YT.METHYI^6.7-TRANS-DfflYDROXY -5.6-7.8-TETRAHY m?n-N APHTHAT FN-?. 
YL^VINYLI-BENZOIC ACID 



O 




STEP A: PREPARATION OF 2-BROMO-3-METHYI^6-HYDROXY-5.5.8.8- 
TETRAMETHYI^5.6.7.8-TETRAHYDRQNri^PHT^ AT P,|MR 




A mixture of 20g (59 mmol) of 2-bronK)-3-n»thyl-6-ac«toxy-5^3,8-tetramethyl-5,6,7,8- 
lelrahydrraiaphthalene and 177 ml 1 N LiOH and 350 ml of methyl alcohol was heated at rrflux 
temperature. After 1 h, the reaction mixture was cooled to room temperature, ccmcentrated 
15 undo- reduced pressure, acidified with 2 N HCl , extracted with ethyl achate, <lried ov«: 

sodium sulfate and adsorbed cmto silica geL The product was puii&ed by flash chromatography 
(gradient eluticm 5-20% ethyl acetate/hexane) to afford 153 g<87%) of 2-bromo-3-inethyl-6- 
hydroxy-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene. 

20 STEP B: PREPARATION OF 2-BROMO-3.S.5.8.8-PENTAMETHYL-5.8- 
DMYDRONAPHTH AT KNK 




116 



wo 02/28810 



PCT/EPOl/11017 



To a solution of 15.3 g (51J nrniol) of 2-bromo-3-methyl-6-hydroxy-5,5,8.8-tettameAyl- 
56 7 8-tetrahydronaphthalene in 120 ml of pyridine was added 17.9 ml (192 mmol) of 
phosphorus oxychloride. The reaction mixture was heated to 100°. After 6 h, cooled to room 
ten5)erature and carefully poured onto ice with stirring. After 1 h, extracted with ethyl acetate, 
washed with 2 N HCl and brine, dried over sodium sulfate and concentrated under reduced 
pressure. The residue was purified by gravity chromatography (gradient elution: hexan^lO% 
ethyl acetateAiexane) to afford 12.5 g (87%) of 2-bromo-3,5,5,8,8-pentamethyl-5,8- 
dihydronaphAalme. 





To a solution of 10 g (35.8 mmol) of 2-bromo-3,5,5.8.8-pentamethyl-5,8-dihydronaphthalene 
in 300 ml of dichloromethane at 0° was added 12.4 g (35.8mmol) of melachloioperbenzoic acid 
portionwise over 20 minutes. One hour after the addition was con^lete. ttie reaction mixture 
was washed witii 10% aqueous sodium bisulfite and brine, dried over sodium sulfate and 
adsorbed onto siUca gel. Purified by flash chromatography (gradient elution: hexane-10% ethyl 
acetate/hexane) to afford 9 g (8 5%) of 4-bromo-2,2,5.7.7-pentamefliyl-laA7,7a-tetrahydro-l- 
oxa-cyclopropa[b]n^tiithalaie. 

^TPP r>- PREPARATION OF 7-TtRnMQ-3- MBTHYL^.7-DIHYDROXY-5,S,8,8- 
TFTRAMETHVT -"^ 7 R-TETRAHYDRONAPHIHAIS:!! 




A solution of 2.0 g (6.8 mmol) of 4-bromo-2.2.5.7.7-pentametiiyl-la,2,7,7a-tetrahydro-l-oxa- 
cyclopropa[b]napfliflialene m 20 ml of acetic acid witii 0.2 ml H2SO4 was healed to reflux 
temperatures. After 03 h, tiie reaction mixOire was cooled to room temperature and 
concentrated under reduced pressure. The residue was dissolved m toluene and reconcentrated 
under reduced pressure. The product was dissolved in 40 ml of metiiy 1 alcohol and 20 ml of 1 N 
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LiOH was added. The reaction solution was heated at reflux tempCTature. After 1 h, the reaction 
was cooled to room temperature and the concentrated und^ reduced pressure. The reaction 
niixture was acidified with 2 N HCl, extracted with ethyl achate, washed with brine, dried over 
sodium sulfate, then adsorbed onto silica gel. The product was purified by flash 
5 chromatography (gradient elution: hexane-20% etiiyl acetate/bexane) to give 1 .2 g {56%) of 
2-bromo-3-methyl-6,7-dihydroxy-5,5,8,8-tetramethyl-5,6,7,8-tetiahy 

STEP E: PREPARATION OF 6-BROMO-2,2,4A7.9.9-HEPTAMETHYI^3a.4.9,9a- 
TETRAHYDRO-NAPHTAOr23>d1fL31-TRANS-DIOXOIJE 

10 




To a suspension of 1.0 g (3.2 mmol) of 2-bromo-3-methyl-6,7-dihydroxy-5,5,8,8-tetramethyl- 
5,6,7,8-tetrahydronaphthalene m 30 ml of 2,2-dimethoxypropane was added 100 mg of p- 
toluene sulphonic acid. The reaction was stirred at room temperature. After 1 h, the reaction 
15 was poured into aqueous sodium bicarbonate and extracted with ethyl acetate. The organic 
extracts were washed with brine, dried over sodium sulfate, concentrated under reduced 
pressure and purified by flash chromatography (gradient elution: hexane-5% ethyl acetate) to 
give 1.2 g (97%) of 6-bromo-2,2,4,4,7,9,9-hqptamethyl-3a,4,9,9a-tetrahydro-naphtao[2,3- 

d][l ,3]-trans-dioxole. 

20 

STEP F: PREPARATION OF 2.2.4,4.7.9,9-HEPTAMETHYL-3a,4.9.9a-TETRAHYDRO> 
NAPHTH0r23-diri .31-TRANS-DIQXOLE^6-CARBALDEHYDE 




25 To a solution of 3.8 g (10.8 mmol) of 6-bromo-2,2,4,4,7,9,9-heptamethyl-3a,4,9,9a-tetrahydrO" 
naphtao[2,3-d][l,3}-trans-dioxole in 50 ml of THF at -78** was added 13.5 ml of 1.6 M 
(21.5 mmol) of n-Buli.Aft^l h, added a solution of 2.4ml(21.5 mmol) of N-formyl 
piperidine in 10 ml THF. Afiex 1.5 h, added saturated aqueous ammonium chloride solution, 
warmed to room temperature, extracted with^thyl acetate, washed with brine, dried over 

30 sodium sulfate and adsorbed onto silica geL Purified by flash chromatogr^hy <gradient elution: 
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hexane-3% ethyl acetateAiexane). Isolated 2.1 g(64% ) of 2A4,4.7.9.9-heptamethyl-3a.4,9.9a- 
tetrahydro-naphtho[2,3-<i][l,3]-ttans-dioxole^^baldehyde (NT = 302). 

CTKP n- PREPAP ATTON OF ?A4.7.9.9VHFPTAMErHYLjj 
TKTR AHYDPn-N APHTHOP ^Hin .31-TRA NS-mQXQL-6-YLVVINYL1 

MFTWYL ESTER 




To a solution of 2.0 g (6.6 mmol ) of 2A4,4,7.9.9-heptamethyl-3a,4A9a-tetrahydro- 
10 naphtho[2.3-d][1.3]-traiis-<lioxole.6-carbaldehyde and 2.2 g (8.6 mmol) of 4-(Dmiethoxy- 
phosphorylmethyD-benzoic add methyl ester in 50 ml of toluene at 0° was added 5.6 ml of 
1 7 M (8 6 mmol) of potassium tert-pentylate in toluene. After 1 .5 h, poured mto brme. 
extracted with ethyl acetate, dried over sodium sulfate and adsorbed onto silica gel. Purified by 
flash chromatography (gradimt elution: liexane-2 % ethyl acetaeAiescane) to give 25 g <87%) 
15 of4-[(E)-2-(2,2A4J.9,9)-hq)tamethyl-3a,4,9.9a-tetrahydro-naphtho[23d]ll31-t^^ 

y])-vinyl]-baizcHC add methyl esta. 

QTPP H- PRFPARATIQN OF4-rrKV2-r7-BPnMnMETHYI^ ? . ?.4 . 4,7, 9, 9) -HEXAMETHYL- 
^fT o^TFTP AHYDRO-N APHTHOr2.3di ri ANS-DIOXOT ^YL)-VINYL1= 

20 TiT^7mC ACm MKTHYL ESTER 




A solution of 2.4 g (5.5 mmol) of 4-[2-(2.2.4,4.7.9.9>heptamethyl-3a,4,9,9a-tetrahydro- 
naphtho[2.3d][13]-trans-dioxol-6-yl)-vinyl3-benzoic add methyl cstsx , 1.47g (8.28 -™ 



lOl) of 



n2tt)nuioLAJujLir3J-ii<"*^^"^"'^^»^j'''^""j'J — , u »^ 

25 N-biomosucdnimide and 67 mg (0.28 mmol) of benzoyl peroxide in 50 ml of CO. was heated 

at reflux temperatures. After 2 h. added additional 34 mg (0.14 mmol) of benzoyl peroxide. 
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After 3 h total the reaction was filtaed and the filtrate was washed with aqueous sodium 
bisulfite, dried ova: sodium sulfate and adsorbed onto silica gel. The product was purified by 
flash chromatogr^hy (gradient eluion: hexane-3 % ethyl acetae/hexane) to afF<»rd 1 .7 g of 
4-[(E>2-(7-bromomethyl-2,2A4J,9.9)-hexamethyWa.4,9,9a-tetrahydro-naphtho[2,3d][^ 

tians-dioxol-6-yl)-vinyl]-baiz(nc aad methyl ester. 



STFP Tr PREPARATION OF 4-rfRV2-f2.2.4.4.7^9>HEXAMETHYL-7- 
YT MFTHYL^3a. 

VTNYT .1-BENZQIC ACID METHYL ESTER 




10 



15 



20 




A solution of 170 mg (033 mmol) of 4-[(E)-2-(7-bromomethyl-2,2,4,4,7,9,9)-hexamethyl- 
3a,4,9,9a-tetrahydro-naphtho[2,3d][l,3]-trans-dioxol-6-yl)-vinyl)-baizoic acid mtthyl estar. 
and 47 mg (0.7 mmol) of pyiazole in 10 ml of NMP was heated at 100. After 2 h, the reaction 
mixture was cooled to room temperature, poured into brine, extracted with ethyl acetate, 
washed with brine, dried ovct sodium sulfate and adsorbed onto alica geL Tbe product was 
purified by flash chromatogri?>hy (gradient elution: hexane-15% ediyl acetate/hexane) to give 
75 mg (45 ) of 4-[(E)-2-(2,2,4,4,7,9,9)-hexamethyl-7-pyrazol-l-ylmethyl-3a,4,9,9a-tetrahydro- 
naphtho[2,3d] [1 ,3]-trans-dioxoi-6-yl)-vinyl]-baizoic add metibyl ester. 

STEP J: PREPARATION OP4-rfEV2-(5.5.8, R-TETRAMETHYI^3-PYRAZOI^l- 
YT MErrHYI^6-7-TRANS-DIHYDROXY -5.6. 7.«-TErRAHYDRO-NAPHIHM.ej^ 
YT.^VTNYLT-BENZQIC ACID 
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A mixture of 75 mg (0.15 mmol) of 4-[(E>2K2,2A4 J,9,9>hexamethyl-7-pjra2ol-l-ylmethyl. 
3a,4,9,9a-tetiahydro-naphlho[23d][13]-trans-dioxol-6-yl)-m acid methyl est^. in 

10 ml 1 N HCl and 10 ml of THF was stirred at room tenperature. After 1 h the reaction 
mixture was concentrated und^ reduced pressure, extracted with ethyl acetate, concentrated 
under reduced pressure and taken up in 20 ml of methyl alcohol and 10 ml of liOH. The 
reaction mixture was heated to reflux. Afta: Ih the reaction was cooled to room temperature 
and concentrated under reduced pressure. The reaction mixture was acidified with 2 N HCl, 
extracted with ethyl acetate, washed with brine, dried over sodium sulfate and concmtrated 
undo: reduced pressure to afford 60 mg (90%) of 4-[(E>2-(5,5,8,8-tetramethyl-3-pyra2oH- 
yhnethyl-6,7-trans-dihydroxy -5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]-benzoic acid (MH+ = 

447) 145. 

EXAMPLE 42: PREPARATION OF 4-r(EV2-(5,5.8,8-TETRAMETHYL-3-PYRAZOI^l> 
YT.MTmm.>6,7-CIS-DIHYDROXY-5,6.7.8-TErRAHYD Pn.^ 

YL^VINYLI-BENZOIC ACID 

O 




.STEP A: PREPARATION OF 2-BROMa-CIS-6,7-DIHYDROXY-3>S,5,8.8- 
PE>n^AMETHYI^5.6,7.8^TETRAHYDRO>J APVrTH AT FNF 




To a solution of 9.41g (33-7mmo0 of 2-bromo-3,5,5,8,8-pentamethyl-5,8-dihydron^hthalOTe 
in 1 10 ml pyridine was added 8,65g (34.0mmol) osmium tetroxide undor an atmosph^e of 
nitrogen. After stirring at room temperature for 18 hours, 17.3g (166mmol) of sodium bisulfite 
in 1 10ml water was added, Afta: 2 hours the resulting solution was partitioned between ethyl 
acetate and aqueous hydrochloric acid. The organic layer was washed with water, washed with 
brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The crude mat^ial was 
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purified by flash chromatography with elution with 30% etiiyl acetate/hexane to yield 7.97g 
(75%) of 2-biomo-cw-^J-<lihydioxy-3;54,8,8-paitaniethyl-5A7,S-tetrahydronaq)hfhal^ as a 

white solid (M* = 312). 

5 STEP B: PREPARATION OF 2-BROMQ-aS-6.7-DMYDR OXY-3^^.8.8- 
PR>3TAMETHYI^S.6.7-8-TETRAHYDRONAPHTHAT.ENnB ACETONIDE 




A solution of 7.73g (24.7inmol) of 2-bromo-cw-6,7-dihydroxy-3,5,5,8,8-pentamethyl-5,6,7,8- 
t^rahydronaphthalene and 445mg (239nmiol) of p-tolueaaesulfonic acid monohydr^ in lOOml 

1 0 2,2-diineflioxypropane was heated to reflux for 90 minutes. Upon cooling the resulting 
solution was partiticmed between ethyl acetate and dilute aqueous sodium bicarbonate. The 
organic layer^as washed with brine, dried over anhydrous sodium bicarbonate, and 
concentrated in vacuo to yield 9.10g of 2-bromo-cis-6,7-dihydroxy-3,5,5,8,8-pentainethyl- 
5,6,7,8-tetiahydronaphthalatte acetonide (M* = 352) which was used without furiher 

15 purification. 



20 



RTEP C: PREPARATION OF ^-METHYL-aS-6.7-DIHYDROXY-5.5.8,8- 
TETRAMETHYL-5.6.7.8-TEnrRAHYDRO-2-NAPHTHAL DEHYDE 

ACETONIDE 




To a -78''C solution of 9.04g (25.6mmol) 2-bromo-cw-6,7-dihydroxy-3^,5,8,«-pentan»thyl- 
5,6,7,8-tetrahydronaphthalaie acetonide in 1 1 0ml tetrahydrofuran was added 32.0ml 
(51 .Inunol) of a 1 .Q^ solution of n-butyllithium in hexanes. After 1 hour at -78*0, 5.79g 
(Sl.lmmol) of l-formylpiperidine was added- After 20 minutes at -78X, Ae resulting mixture 
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10 



was quenched with water. Upon wanning to room temperature, the mixture was partitioned 
between ethyl acetate and water. The organic layer was washed with biine, dried over 
anhydrous sodium sulfate, and concentrated in vacuo. The crude material was purified by flash 
chromatography with elution with 5% efliyl acetate/hexane to yield 5.65g (73%) of 3-bromo- 
ds-6,7-dihydroxy-5.5,8.8-tetramethyl-5.6,7,8-tetrahydro-2-naphthaldehyde acetonideCMH* = 

303). 

RTRP PREPARATION QF4-rmV2-f 2.2.4.4.7.9 "^l - ^^J^^j ^ ^^^ ^t^^;^' 
TFTR AHYDRQ-N/ ' ' ^ 

MRTHYT. ESTER 





15 



20 



25 



To a solution of 5.3 g (17.5 mmol) of 2,2,4,4,7,9,9-heptameaiyl-3a,4,9,9a-tettahydro- 
naphtho[23-d][l,3]-cis-dioxole.6-carbaldehyde and 5.9 g (22.8 mmol) of 4-(Dimethoxy- 
phosphorylmethyO-benzoic add methyl ester in 50 ml of toluene at 0° was added 13.4 ml of 
1.7 M (22.2 mmol) potassium-tert-pentylate. After 1 h, the reaction was poured into brine, 
extracted with ethyl acetate, washed with brine, dried over sodium sulfate and adsorbed onto 
silica geL The product was purified by flash chromatography (gradient elution: hexane-15% 
ethyl acetate/hexane) to afford 6.0 g (79%) of 4-[(E)-2-(2 A4,4,7.9,9)-heptamethyl-3a.4.9.9ar 
tetrahydro-naphtho[23d][13]-cis-dioxo^6-yl)-vinyl]-benzoic add methyl ester. 

RTPP E: PREPAR ATION OF 4-rmV2-fS.S.8.8-T BTR AMETHYI^3-MErHYL-6 J 
nTArTrrOXY-5.6.7.8-TEIRAHYSRO-N AP«rTHATKN-7-YL^VI^ 

MFTHYL ESTER 



AcO 



AcO 
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10 



15 



A mixtore of 4.7 g (10.8 mmol) of 4-[(E)-2-(2A4,4,7,9,9)-hq)tamefliyl-3a.4,9,9a-tetrahy(lro- 
naphdio[2.3d][l,3]-cis-dioxol-6-yl)-vinyl]-benzoic add metbyl ester in 50 ml ofTHF and 50 
ml 1 N HCl was stirred at room temperature. After 3 h, concentrated under rednced pr^sure , 



^11 








in 


II 



ol) of 



acetic anhydride was added. The reaction was heated to 60 ° .After 2 h, the Feacti<xi mixture 
was cooled to room temperature, diluted with water and extracted with ethyl acetate. The 
organic fraction was washed witii 2 N HCl and brine, dried over sodium sulfate and purified by 
flash chromatography (gradient elution: hexane-10% ediyl acetate/hexane) to provide 5.2 g 
(100%) of 4-[(E)-2-(5,5.8,8-tetrameaiyl-3-methyl-6,7-ds-diacetoxy-5,6,7,8-tetrahysro- 
naphtiialen-2-yl)vinyl]-benxoic acid methyl estcx. 



STFP F- PREPARATION OF 4-rfEV2-(5^-i^-«-TErRA METHYL-3-BROMO] 
rI5;-nTACE^OXY-5.6.7■8-TETRAHYSRO-NAP m^^AI£N-2-YL)VI^^yLl-BE^D^ 

A nP METHYL ESTER 



AcO 



AcO 




A solution of 5.2 g (10.8 mmol) of 4-[(E)-2-(5.5.8.8-tetrametiiyl-3-methyl-6,7-cis-diacetoxy- 
20 5,6,7,8-trtrahysro-naphti»alen-2-yl)vinyl]-ba»xoic acid methyl estCT^md 2.4 g (133 mmol) of 
N-bromosuccmimide witii 124 mg (0.5 mmol) of benzoyl peroxide in 50 ml of carbon 
tetrachloride was heated to reflux temperahire. After 5 h, cooled to room temperature, filtered 
and washed filtrate with 10% aqueous bisulfite and brine, dried over sodium sulfate and 
purified by flash chromatography (gradiait dution: hexane- 10% etiiyl acetate/hexane) to give 
25 4.0 g (66%) of 4-[(E)-2-(5,5,8,8-tetrametiiyl-3-bromomethyl-6,7-cis-diacetoxy-5,6,7,8- 
tetrahysro-naphAalai-2-yl)vinyl]-benx<ric add methyl esta. 



30 
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QTPP n: PREPAT? ATIQN QF4-ra ^- >-9-r'i S R.8-TE TR AMETHYI^3- PYRAZ0I^1: 
Mmmi^fi-7-CTS-DIACBTr>yY-5.6.7.8-TE] 
>VlNYL)BENZOIC ACDD MB THYL ESTER 



AcO 



AcO 




To a solution of 730 mg (2.76 mmol) of 18-crown-6 and 338 mg (3 mmol) of potasaum-tert- 
butoxide in 3o ml of THF was added 205 mg (3 mmol) of pyrazole. After 20 minutes, the 
reaction was cooled to 0 and a solution of 1.4 g (2.5 mmol) of 4-[(E).2-(5,5,8,8-tetramethyI-3- 
biomometiiyl-6,7-ds-diacetoxy-5 A7,8.tetrahysro-naphthalen-2.yl)vinyl]-b^ add methyl 
ester in 20 ml of THF was added dropwise. After 3 h, the reaction mixture was poured into 
brine, extracted with ethyl acetate, washed with brine, dried over sodium sulfate and adsorbed 
onto klica geL The product was purified by flash chromatography (gradient elution: hexane- 
30% ethyl acetaieAiexane) to give 1.05 g (77%) of 4-[(E>2-(5.5.8.8-tetramethyl-3-pyrazol-l- 
yhnethyl-6,7-cis-diacetoxy-5.6,7.8-tetrahydro-naphtiialen-2-yl)vinyl]ben2(Hc acid methyl ester. 

STKP H: PREPAl? ATION OF 4-fn:'V7-^'?-5.8.8-T PTR AMETHYL-3-PYRA2DL-1- 
Y T MFTHYL-^ ^-^^T<!-nTTTvr>^^^YY -S.6.7.8-TETRA HYDRO-NA PHTHALBjr2^ 




A mixtne of 1 .0 g (2.2 mmol) of 4-[(E>2-(5,5.8,8-tetramethyl-3-pyrazol-l-yhnethyl-6,7-cis- 
diacetoxy-5.6,7.8-tetrahydro-naphthalen-2-yl)vinyl]benzoic add mefliyl ester, in 20 ml of 
methyl alcohol and 10 ml of 1 N UGH was heated at relfux. After 1 h, cooled to room 
temperature, concentrated under reduced pressure, addified with 2 N HQ. extracted with ethyl 
acetate, washed with brine, dried over sodium sulfate and adsorbed onto silica gel. The product 
was purified by flash diromatography (gradient elution: 20-60% efliyl acetate/hexane with 02 
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10 



15 



% acetic add) to give 560 mg of 4-[(E)-2K5,53,8-tetiamethyl-3-pyta20l-l-ylmethyl-6,7-ds- 
dihydroxy -5,6,7,8-tetrahydro-naphtiialeii-2-yl)vinyl]-beozoic acid.(mp 2383-241^)148 

RYAMPT.E 43:PREPARATION OF 4-r(EV2-f 5 5 R R-TErRAMETHYI^3-((E)-2r 
(PY^?T1vmDIN-2-YDVI^r^.V5.6.7.8-TERAHYDRQ-2-NA PHTHATP^^^ 

YT .'vVTKrYLlBENZOIC ACID 



STRP A: PREPARATION OF 3-f ffiV2-a>YRT T^IN-2-YL)VTNYT ■V5.S.8.8-TETRA- 
MFrHYL.5.6.7-8-TERAHYDRO-2-NAPHTHALDEHYDE 



A solution Of 0.874 g (2.96 mmol) of 3-bromo-5^,8,8-tettamethyl-5,6,7,8-tetialiydro-2- 
naphthaldehyde, 1.886 g (3.11 mmol) of trans- 1.2-tes(tri-n-butylstaimyl)etbylene and 0.068 g 
(0.059 mmol) of tetrakis(triphenylphosphine)palladium in 20 ml toluene was heated to reflux 
under argon for 1.75 hour. The reaction was cooled slightly and 0.518 g (326 mmol) of 2- 
bromopyrimidine and 0.068 g (0.059 mmol) of tetrakis(tiiphenylphosphine)palladium was 
added in 3.5 ml tohiene. The reaction was heated at reflux for 3 hours. The reaction was 
cooled to room temperatiire, quenched with 5% potassium fluoride and diluted witii ethyl 
acetate. The two phases were stirred vigorously for 16 hours. The mixture was filtered through 
ceUte and the organic layer was washed mth brine, dried over anhydrous sodium sulfate, and 



O 
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concoitrated in vacuo. Hie crude matoial was purified by flash cbromatog^hy (gradioit 
elutioD with 20% ethyl acetate/hexaiie-25% efliyl acetate/hraane) to afford 0.254 g (27%) of 3- 
((E)-2-(pyriinidin-2-yl)vmyl>5,5,8,8rtetramethyl-5,6 J3-tettahydro^^ (M+1 = 

321) 

STEP B: PREPARATION OF MErHYI^r(EV2-f5.5.8.8-TErRAMErHYI^3-((E)-2- 
fPYRlMIDIN-2-YL^ VINYLV5.6.7.8-TERAHYDRO-2-N APHTipT AT KN-?.. 
YL^VINYLIBENZOATE 



10 



15 



20 




To a suspeosion of 0.079 g (1.98 nunol) of 60% NaH in U ml tdrahydrofuran was 
added 0.248 g (0.96 nunol) of 4-(dimedioxyphosphorylmethy]^baizoic add methyl ester in 2.5 
ml THF and the reaction was stirred at room tempearature foe I hour 20 minutes. 0.254 g (0.79 
mmol) of 3-((E>2-(pyrimidin-2-yl)vinyl)-5^.8,8,-tetramethyl-5,6,7,8-tetcahydro-2- 
naphAalddiyde in 3 ml THF was added and Ae reaction was stiired at room temperature. 
After 17 hours the reaction was quenched with 5 ml IM hydrochloric acid and extracted with 
ethyl ether. The organic layer was washed with water, brine, dried over anhydrous magnesium 
sulfate and concentrated in vacuo. The crude matoial was purified by flash chromatography 
(elation with 30% ethyl acetate/hexane) to afford 0-180 g (50%) of Methyl-4-[(E)-2-(5,5,8,8- 
tetramefliyl-3K(E>2-(pyrimidin-2-yDvinyl)-5,6,73-tett 
yl)vinyl]b€a2oate (M+1 = 453). 
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SHTEP C: PREPARATION OF 4-rrEV2-f5.5. «, {^TEnrRAMErHYL-3-ffEV2-(PYRIME)IN-2- 
YL^VINYL)-5.6.7.8-TERAHYDRO-2-NAPHTHAT PN-l-YT.^VTNYLIBENZOIC ACID 




10 



15 



20 



A solution of 0.180 g (0.40 mmol) of Meaiyl-4-[(E)-2r(5^,8,8-tetiaineaiyl-3-((E)-2- 
(pyrimidm-2-yl)vinyl)-5 A7,8-tetrahydbro-2-n^hthalen-2-yl)m^ in 5 ml IM liOH 

and 10 ml ethyl alcohol was heated to reflux. AftCT 50 minutes the reaction was cooled to room 
temperature and acidified with IM hydrochloric add. The aqueous was extracted with ethyl 
eflier, washed with water, hrine, dried over anhydrous magnesium sulfate and stripped in vacuo 
to afford 0.160 g (91%) of 4-[(E>2-(5,5,83-tetramethyl-3-((E)-2-(pyrimidin-2-yl)vinyl)- 
5,6,7,8-tetrahydro-2-naphthalen-2-yl)vinyl]baizoic add 160 
(M-l=437). 

EXAMPLE 44:PREPARATION OF 5.5.8.8.-TP TR AMETHYL-3-rfRV2-THIAZOI^2-YI^ 
VTNYLV5.6.7.8-TETRAHYDRO-2-NAPH THALDEHYDE 




A solution of 0.147g(0.498mmol) of 3-biomo-5,5,8,8-tetrametijyI-5,6,7,8-tetrahydro-2- 
ni^hthaldehyde, 0302g (0.498Bnmol) of mww-l,2-bis(tti-n-butylstannyl)efliylene,and 0.012g 
(0.00996nm»ol) of tettakis(triphenylphosphine)palladium(0) in 5ml toluene was heated to 
reflux under an atmosphere of argon fOT 1 hour. This was cooled. 0.082g (0.498mmol) of 2- 
hromothiazole and 0.012g (0.00996mmol) of tettakis(triphenylphosphine)palladium(0) were 
added. This was stirred at reflux for 2 hours and at room temperature for 16 hours. 20 ml of 
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5% aqueous potassium fluoride and 15 ml of ethyl acetate were added The resulting mixture 
was stirred vigorously for 2 hours and was filtered floough celite. The organic layer was 
washed with brine, dried over anhydrous sodium sulfate, and was concentrated in vacuo. The 
product was purified by flash chromatography with elution witli 15% efliyl acetatefliexane to 
afford 0.065g (40%) of 5.5.8,8.-tetxamethyl-3-((E>2-thiazol-2-yl-vinyl)-5,6.7,8-tetiahydro-2^ 

naphthaldehyde (M+H = 326). 

FY AMPLE 45:PT?EPARATION OF (E>-4-{2-r3-(r TTnOPHEN-3-YT.)OXOMgTHYlr)- 
l^JJJlTRAMETHYL-JAl^TITrRAHYDRONAPHIH^ '"^-^ 

AOD 




A solution of 2.(13-dioxolane-2-yl)-3-[(thiqphen-3-yl)hydroxymethyll-5.5,8,8-tetiamethyl- 
5,6,7,8-tetrahydronaphthalene (131g, 3.86mmoI) [prepared from 3-bromo-2-(13-dioxolane-2- 

15 yl)-54,8,8-tetramethyl-5,6,7,8-tetcahydrons^hthalene and 3-thiophenecarboxaldehyde as 
previously described for the preparation of 2-(l,3-dioxolan&-2-yl)-3-[(thiophene-2- 
yl)hydroxymethyl)-5^,8.8-tetramethyl-5,6,7,8-tetrahydronaphthalenel in 13 ml of anhydrous 
dichloromediane was cooled to O^C and Des-Martin periodinane (1.80g, 4,25mmol) was added 
over 3 minutes. The reaction was warmed to rt and stirred for 4 hours. The cloudy solution 

20 was diluted witii 200 ml of dichloromedume and washed witii sodium bicarbonate solution. 
The organic layer was washed witii brine, dried over magnesium sulfate and concentrated in 
vacuo. This residue was tiien dissolved in IQml of tetrahydrofiiran and stirred vigorously while 
adding 10ml of an aqueous IN HCl solution. Mixture was stirred for two hours and partitioned 
between ethyl acetate and water. The resulting organic layer was washed witti brine, dried over 

25 magnesium sulfate and dried in vacuo. Chromatographic separation was achieved using a silica 
gd column eluting with a gradient starting witii 2% etiiyl acetate/hexanes to 8% ethyl 
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acetate/hexanes to give 2-fomiyl-[3-((tiu<^h«-3-yl)oxomethyl)-5^,8,8-tetrainefliyl-5,6,7,8- 
tetrahydronaphthaleae (386 mg). 

Following iht standard Homer-Emmons/hydrolysis procedures Mcamyl-[3- 
5 ((thiophen-3-yl)oxomethyl)-5^,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene was convated to 
(E)-4-{2-[3-((thiophen-3-yl)oxomethyl)-5,5,8,8-tetramethyI-5,6J,8-tetrahydronaphtha^ 

yl] vinyl }baizoic add as a white solid: M+=444 151. 

FY AMPLE 46:PREPARATION OF 4-rfEV2-f 5 S RR-TETRAMErHYI^3-((E)-2- 
10 MTmm^UIJONYLV]NYLV'i-6.7.8-TERAH YDRQ-2-NAPHTH AT .HN-2- 

Y1.'>VINYL1BENZQIC ACID 




■<;TFP A: PREPARATION OF 3-fmV2-METHYLSlJL FONYLVINYLV5.5.8.8- 
15 TFTRAMETHYL-5.6.7.8-TERAHYDRO-2-NAPHTHALDEHYDB 




A solution of 0^37 g (1.82 mmol) of 3-bromo-5^,8,8-tetramethyl-5,6,7,8-tetrahydro-2- 
naphthaldehydc, 0.579 g (5.46 mmol) of methyl vinyl sulfone, 0.191 g (0.27 mmol) of 
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telrakis(triphenylphosphine) palladium and 52i g (51.7 mmol) of triethylamine in 12 ml 
dimethylforraamide was heated to lOOX undo- argon for 5 hours. The reaction mixture was 
poured into wata: and extracted with ethyl acetate. The organic layer was washed with brine, 
dried over anhydrous sodium sulfate, and concentrated in vacuo. The crude material was 
5 purified by flash chromatography (elution with 25% ethyl acetate/hexane) to afford 0.359 g 
(62%) of 3-(2-mediylsulfonylvinyl>5,5,8,8.-t«ramethyl-5,6,7,8-tetrahydro-2-^^ 

(M+l=321). 

RVPP R: PREPARATION OFMETtm^rfEV2-f5.5.8.8^TETRAMEmYI^3-( 

10 MRTirn^iJLFOimjvj^^ 

YL^VHSfYLlBENZQATE 



O 




To a suspension of 0.065 g (1.63 mmol) of 60% NaH in 1 3 ml tetrahydrofuran was 
15 added 0.205 g (0.79 mmol) of 4-(dimethoxyphosphorylmethyl)-benzoic acid methyl ester in 2.5 
ml THF and the reaction was stirred at room temperature for 35 minutes. 0.209 g (0.65 mmol) 
of 3<2-methylsulfonylvinyl)-5,5,8,8,-tetramelhyl-5,6,7,8-tecrahydro^^^ in 2 ml 

THF was added and the reaction mixture was stirred at room temperature. After 16 hours die 
reaction was quenched with 4 ml IM hydrochloric acid and extracted witti ethyl ether. The 
20 organic layer was washed with water, brine, dried over anhydrous sodium sulfate, and 

concaitrated in vacuo. The crude material was purified by flash chromatography (elution with 
30% etiiyl acetate/hexane) to afford 0.085 g (29%) of Methyl-4-[(E>2-(5,5,8,8-tetramefliyl-3- 
((E>2-metfiylsulfonylvinyl)-5,6.7,8-tetrahydro-2-naphthalen-2-yl)vm^ (M+1 = 453). 
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STEP C: PREPARATION OF 4-rmV2-f5.5.«-R-T'ETRAMEmYI^3-((EV2 -METHYL- 
SIJLFONYLVINYLVS.6.7.8-TERAHYDRO-2-N APHTHAT PN-2-YT .^VTNYT.IBENZOIC 

AOD 



O 




5 A solution of 0.085 g (0.18 mmol) of Methyl-4-[(E)-2-(5,5,8,8-tetramethyl-3-((E>2- 

methylsulfonylvinyl>5A73-tedahydro-2rnaphthalen-2-yl)vinyl]benzoate in 5 ml IM UOH 
and 10 ml ethyl alcohol was heated to reflux. After 30 minutes the reaction was cooled to room 
tenq)erature and acidified with IM hydrochloric aad. The aqueous was extracted with e&yl 
ether, washed wiA water, brine, dried over anhydrous sodium sulfate and concentrated in 

10 vacuo. The residue was purified by flash chromatography (eluticm with 50% ettiyl 
acetate/hexane with 0.5% acetic add) to afford 0.013 g (15%) of 4-[(E)-2-(5,5,8,8-tetram«hyl- 
3K(E)-2-methylsulfcmylvinyl>5,6,7,8-tetrahydro-2-naphthalCT-2-yl)vinyllbaizoic acid (M-1 = 

437)161. 

15 EXAMPLE 47 PREPARATION OF 4-rfEV2^( '^■5.«.8-TErRA MErHYI^3-(rE^2- 

SULFONAMIDYLVINYLV5.6.7.8-TER AHYDRO-2- ^J APHTt^ AT ■FN-2-YL^VINYLl- 
BENZOIC ACID 
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STFP A: PREPARATION OF?-l^T?nMO-3-(fF V?-STn.FONA1vnDYT.VINYL)-54,8,8-. 
TRTRAMErHYI^5.6.7.8-TER AHYDRONAPHTHALENE 



10 



15 



20 




S-NH 



To a solution of 0.943 g (239 mmol) te;t-butyl[(diphenylphosphoryl)inethyl] 
sulfonylcarbamate in 6 ml dimethylfonnamide at C was added 0.133 g (525 mmol) of 95% 
sodium hydride. The mixture was warmed to room temperature. After 15 minutes, 0.704 g 
(239 mmol) of 3-bromo-5,5,8,8-tetramethyl-5,6,7,8-tetrahdro-2-naphthaldehyde was added in 
5 ml dimethylformamide. After stirring for 18 hours, the resulting solution was partitioned 
between 5% aqueous hydrochloric add and etiiyl acetate. The organic layer was washed witi» 
water, brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The residue was 
taken up in 10 ml dichloromefliane and 5 ml trifluoroacetic add and stined at room temperature 
for 3 hours. The reaction was concentrated in vacuo and coevaporated once with toluene. The 
residue was purified by flash chromatography (elution witix 25% etiiyl acetateAiexane) to yield 
0.417 g (47%) of 2-bromo-3-((E>-2-sulf<»iamidylvinyl)-5,5,8,8-tetrametiiyl-5,6,7,8- 

tetrahydronaphthaloie ^+Na = 396). 

STEP B: PREPARATION OF 2^1TyDROXYMF rHYT^3-f(e-2-.ST IT .FONAMlDYLVINYL> 
!S.5.8.8-TETRATV[FrHYI^5.6.7.8-TERAHYDPON APHTHA! ENE 




— NH, 
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A solution of 0.412 g (1.11 mmol) of 2-bromo-3-((E)-2-sulfoiiaimdylvinyl)-5,5,8,8- 
tetramethyl-5,6,7,8.tetrahydronaphthalene, 0^33 g (1.66 mmol) of tributylstamiylmethanol and 
0.060 g of tetrakis(triphmylphosphine) palladium in 10 ml 1,4-dioxane was heated to rrflux for 
3,5 hours undi^ an atmosphare of argon. The reaction was cooled and stined for 1 8 hours at 
room temperature. The resulting solution was partitioned between ethyl acetate and water. The 
organic layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated in 
vacuo. The crude material was purified by flash chromatography (elution with 45% ^thyl 
acetate/hexane) to yield 0.162 g (45%) of 2-hydroxymelhyl-3-((E)-2-sulfonamidylvinyl)- 
5,5,8,8-tetramethyI-5,6,7,8-tetrahydronaphthalene (M-H = 322). 

STEP C: PREPARATION OF 3-f fEV2>SUT.FONAMIDYL VINYLV5^,8.8- 
TETRAMETHYI^5.6,7.8>TERAHYDRO-2^N APHTHALDEHYDE 




To a suspension of 0.155 g (0.479 nunol) of 2-hydroxymethyl-3-<(E)-2- 
sulfonamidylvinyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene in 4 ml dichloromethane 
was added 0.225 g (0.527 mmol) of l,l,l-triacetoxy-l,l-dihydro-l,2-benziodoxol-3(lH)-one. 
The reaction was stirred at room temp^ture. After 3.5 hours the solution was partitioned 
between ethyl acetate and saturated aqueous ammonium chloride. The organic layer was 
washed with brine, dried ova anhydrous sodium sulfate, and conc«itrated in vacuo. The 
residue was purified by flash chromatography (elution with 30 % ethyl acetate/hexane) to yield 
0.117 g (76%) of 3-((E)-2-sulfonamidylvinyl>5,5,8,8-tetramethyl-5,6,7,8-teiiahydro-2- 

n^hthaldehyde M+H = 322). 

i 
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STRP D: PREPARATION OF METHYl^ r'T^''-^-''^-5-8^-TT^^J'RAMETHYL-: 
STTT.FONAMIDYLVINYLV5-6.7.R-TERAH YnRO-2-NAPHTHATHN-2- 

YT .^VINYLIBENZOATE 



•2- 




To a suspension of 0.036 g (0.90 mmol) of 60% NaH in 1.5 ml tetialiydrofuran was 
added 0.1 14 g (0.44 mmol) of 4-(dimetiioxyphosphorylmethyI)-ben2oic add methyl ester in 25 
ml THF and the reaction was stirred at room temperature for 35 minutes. 0.1 17 g (0.36 mmol) 
of 3-((^h2-sulfonamidylvinyl)-5^,83rtetramethyl-5,6 J3-telrahydiD-2-naphthaldehyde in 2 

10 ml THF was added and the reaction was stirred at rown ten]5)arature. Aftex 17 hours the 

reaction was quenched with 2 ml IM hydrochloric add, adjusted to pH 7 with saturated sodium 
Wcarbonate and extracted with ethyl ether. The organic layer was washed with water, hrine, 
dried over anhydrous sodium sulfate, and concaitrated in vacuo. The crude material was 
purified by flash chromatography (elution with 35% ethyl acetale/hexane) to afford 0.015 g 

15 (9%) of Methyl-4-[(E)-2-<5,5,8,8-tetrametiiyI-3K(E)-2-sulfonamidylvinyl>5,6,7,8-tetrahydro- 

2-naphthalai-2-yl)vinyl]benzoate (M-1 = 452). 



STKP H: PREPARATION OF 4-f(EV 2-(5.5.8.8-TFTR AMErHYL-3-f(EV2. 

t-THRAHYDRO-2- 



20 YT ,^VTNYL1BENZOIC ACID 
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A solution of 0.015 g (0.034 mmol) of Methyl-4-l(E)-2-(5^,8.8-tetramethyl-3-((E>2- 
sulfOTamidylvinyl>5,6 J,8-tetrahydro-2-n^hthala^-2-yl)vinyI3b^ in 0.5 ml IM liOH 
and 1 ml ethyl alcohol was heated to 60°C. After 15 minutes the reaction was cooled to room 
temperature and acidified with IM hydrochloric add. The aqueous was ediacted wifli «hyl 
5 ether, washed witii brine, dried ovm anhydrous sodium sulfate and concentrated in vacuo. The 
residue was taken up in ethyl acetate and passed through a 4 miaon filtCT. The filtrate was 
stripped in vacuo to afford 0.012 g (82%) of 4-[(E)-2-(5,5,8,8-tetramethyl-3-((E)-2- 
su]f(mamidylvinyl)-5,6,7,8-tetrahydro-2-ns5)hthalai-2-yl)vinyl]benzoic acid (M-1 = 438) 162. 

10 EXAMPLE 48:PREPARATION OF 4-f2-f5.5-8-8-TETRAMErHYI^3-fa>YRAZOI^l- 




STRP A: PREPARATION OF 2-BROMQ-5.5.8.8-TET R AMETHYL-3-tfPYRAZOI^l- 
15 YL^METHYLV S.6.7.8-TETRAHYDRON APHTH AT KNF 

I 

t 




To a suspension of 0.955 g (8.52 nunol) of potassium tert-butojddc and 1.877 g (7.10 
mmol) 18-crown-6 ethear in 35 ml tetrahydrofuran was added 0:580 g (8 J52 nmiol) pyrazole. 
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After 10 minutes 2.557 g (7.10 mmol) 2-bromo-5^,8,8-tettameihyl-3-bromomethyl-5,6,7,8- 
tetrahydronaphthalene was added in 15 ml THF. After 17 hours the reaction was concentrated 
under reduced pressure and acidified with IM hydrochloric add. The aqueous sotation was 
extracted with ethyl ether, washed with saturated sodium bicarbonate, water, brine, dried over 
anhydrous sodium sulfate and concentrated in vacuo. The crude material was purified by flash 
chromatography (gradient dution with hexane.25% ethyl acetateAiexane) to afford 1.185 g 
(48%) of 2-bromo-5,5,8.8,-tetramethyl-3K(pyra2ol-l-yl)methyl)-5,6,7,8-tetrahydronaphthalm^ 

(M+1 = 348). 



10 STKP R: PREPARATION OF 2-VTNYL-3 -(fP>nR A7nT.^l-YL1 
TPTR AMETHYI^5.6,7.R-TETRAir^Pn>J APHTH AT PNE 



■8.8- 




15 To a suspension of 2.076 g (3.99 mmol) 2-bromo-5,5,8,8.-tetramethyl-3-((pycazol-l- 

yl)methyl)-5.6.7,8-tetrahydronaphthalene p-toluenesulfonaie. 0.045 g (020 mmol) of palladium 
acetate, 0.122 g (0.40 mmol) of tri-o-tolulylphosphine) and 1.22 ml (7.97 mmol) 
ttimethoxyvinylsilane in 8 ml N-melhylpyiroUdinone was added 1 .80 ml (1250 mmol) 
triethylamine. The reaction vessel was evacuated and filled with nitrogen three times then 

20 heated to 90°C for 1 .5 hours. The reaction was cooled and stirred for 17 hours at room 

temperature. The resulting suspension was quenched witii IM hydrochloric add and exltacted 
witii ethyl ether. The organic layer was washed with IM HCl, water, brine, dried over 
anhydrous sodium sulfate and concentrated in vacuo. The residue was purified by flash 
chromatography (elution with 20% etiiyl acetate/hexane) to yield 0.249 g (21%) of 2-vinyl- 

25 5,5,8,8,-tetramethyl-3-((pyrazol-l-yl)mediyl>5,6,7,8-tettahydronaphthalene (M+1 = 295). 
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5;TEP C: preparation OF 242-HYDROXY^Enm^3-a>YRAZOL-l-YLMETHYL)- 
5.5.8.8-TETRAMETHYI^5.6.7.8-TETRAHYDRONAPH TW AT 




To a solution of 0.249 g (0.85 nunol) of 2-vinyl-5,5,8,8rtetramethyl-3-(pyrazol-l- 
5 ylmethyl)-5,6,7,8-tetrahydronaphthalene in 3 ml tetrahydrofiiran was added 1 .86 nal <0.93 
mmol) of 9-borabicyclo[3.3.1]nonane as a 0.5M solution in THF. The reaction was stirred at 
room ten^erature. Aft& 7 hours the solution was quenched with 2 ml water and 4 ml IM 
sodium hydroxide. Aftja 15 minutes 10 ml 30% hydrogen peroxide was added and the reaction 
was stirred at room temperature. After 30 minutes the solution was extracted with ethyl 
10 acetate. The organic phase was washed with 10% sodium sulfite, water, brine, dried over 
anhydrous sodium sulfate and concentrated in vacuo. The residue was purified by flash 
chromatography (elution with 50 % ethyl acetate/hexane) to yield 0.106 g (40%) of 2-<2- 
hydroxy)ethyl-3-((pyrazol-l-yl)methyl)-5,5,8,8,-tetramethyl-5,6,7,8-tetrahydro^^^ 

(M+I = 313). 

15 

SITEP D: PREPARATION OF METHYI^r2-f5.5.8.8-TEniAMETHYI^3-fPYRAZOI^l> 
YmETHYLV5.6.7.8-TETRAHYD l?^>JAPHTH AT P>J,1> 

YL^ETHYLIPHENQXYBENZOATE 

I 

1 
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To a solution of 0.106 g (034 mmol) of 2-(2-hydroxy)ethyl-3.(pyrazol-l-ylmethyl> 
5,5,8,8rtetramethyl-5,6 J,8-tetrahydronaphthalene, 0.057 g (037 mmol) of methyl 4- 
hydroxybenzoate and 0-097 g (037 mmol) triphenylphosphine in 5 ml tetrahydrofiiran was 
added 0.066 g (0.38 mmol) of diethyl azodicarboxylate and the reaction was heated at 70^C. 
5 After 2 hours the reaction was cooled to room temperature and quenched with water. The 
aqueous solution was extracted with ethyl ether, washed with wata:, brine, dried over 
anhydrous sodium sulfate and concmtrated in vacuo. The crude mat«ial was purified by flash 
chromatography (elution with 30% ediyl acelate/hexane) to afford 0.131 g (86%) of Methyl-4- 
[2-(5,5,8,8-tetramethyl-3-(pyrazol-l-ylmettiyl)-5,6,7,8-tetrahydronaphfl^ 

10 yl)ethyl]phenoxybenzoate (M+1 = 447). 



SHTRP E: PREPARATION OF 4-f2-(5.5.8.8-TETRAM ETHYL-3-fPYRAZQI^l- 
YT MTmm.V5.6.7,8^TETRAHYDRONAPHTO 
15 BENZOIC ACID 




A solution of 0.131 g (0.293 mmol) of Mefliyl-4-[2«(5,5,8,8-tetramethyl-3-(pyrazoH- 
ylmethyl)-5,6,7,8-tetrahydronaphthalen-2-yl)etiiyl]phenoxybra2oate in 3 ml IM liOH and 10 
20 ml etiiyl alcohol was heated to reflux. After 2 hours tiie reaction was cooled to room 

temperature and acidified with IM hydrochloric arid. The aqueous laya: was extracted wiA 
ethyl ether, washed with brine, dried over anhydrous sodium sulfate and concmtrated in vacuo. 
The crude material was purified by flash chromatography (gradimt elution witti 10% 
methanol/dichIoromethane-10% methanol/dichloromethane with 5% acetic add) to afford 
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0.101 g (79%)of 4-[2-(5^,8,8-tetrametbyl-3-((pyrazol-l-yl)inethyl>5,6,7,8- 
tetrahydronaphthalen-2-yl)ethyl]ph«ioxy baizoic acid (M+1 = 433) 158. 



FYAMPUE 49 : PREPARATION OF MErHYT.^f2-5.5.8. R-TETRAMETHYI^3 
5 PYRTMn3lN-2-YIJvlETHYL-5.6.7.8-TEn? AHYDRO-NAPHALEN-2-YLV 

VTNYT.]BENZOATE 




15 



A mixture of 14.2 g (39.4 mmol) of 2-bromo-3-bromom^ylr5,5,8,8-tetramethyl-5,6,7.8- 
tetrahydronaphthalene (cf Example 5.21, Step A for preparation), 6.15 g (39.4 mmol) of 
tetraethyl ammonium cyanide in 50 ml of DMF was stirred at room tenq)eratur-e. After 48 h. Hie 
20 reaction was poured into brine and 30 ml of 2 N HCl was added. The mixture was extracted 
with ethyl acetate, dried (MgSO*), concentrated to dryness and purified by flash 
chromatogrq)hy (10% ethyl acetate/ hexane) to g^ve 9.2 g (75%) of 2-t»omo-3- 
cyanomethylm«hyl-5,5,8,8-tetramethyl-5,6,7,8-teliahydronaphtbalaie. 
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5;TEP B: preparation of 2.BRQMO-3-f l.l-f2-PYRIM Tr)TNYLVCYAN01MErHYL- 
;;.5.8.8-TETRAMErHYI^5.6.7-«-TETRAHY nPONAPTTrHALENE 




10 



15 



20 



25 



To a slurry of 1.5 g (65.6 mmol) of sodium hydride in 80 ml of DMF in a wet ice bath was 
added a solution of 92 g (29.1 mmol) of 2-bromo-3-cyanomethylmettiyl-5^,8»8-tetrameaiyl- 
5,6,7,8-tetrahydrQn^hthalene in 20 ml of DMF. The reaction was warmed to room 
temperature. After 1 h, a solution of 10.4 g (65.6 mmol) of %■ bromopyrimidine in 20 ml of 
DMF was added. After 12 h, the reaction mixture was poured into ice water, noitralized with 2 
N HQ and extracted wift ethyl acetate. The carganic phase was dried (MgS04). concentrated 
undo: vacumn and the product was purified by flash diromatography (15% ethyl 
acetate/hexane) to afford 55 g (47%) of 2-bromo-3-[l,l(2-pyrimidinyl)-cyano]mefljyl-5,5,8,8- 
tettamethyl-5,6,7,8-tetcahydronaphthalaie. 

STEP C: PREPARATICff^ OF2-BROMO-3- f2-PYKIM TDINYL^METHYI^5,5.8,8- 
TETRAMETHYL-5.6.7.8-TETR AHYDRQN aphth F>JP, 




A mixture of 5.5 g (143 mmol) of 2-hromo-3-[l,l-(2-pyrimidinyl)-cyano]methyl-5,5,8,8- 
tetrameihyl-5.6,7,8-tetiahydroii^hlhalene.40 ml concentrated HCl, 20 ml acetic add and 20 ml 
of water was heated to reflux. Afta 15 h, the reaction was poured onto ice , brine added, then 
extracted with ethyl acetate.The organic phase was dried (MgS04). concentrated under vacumn 
and the product purified by flash chromatography (20% etiiyl acetate/hexane) to give 2.8 g 
(54%) of 2-bromo-3- (2-pyrimidinyl)methyl-5,5,8,8-tetramethyl-5,6,7.8-tetrahydronaphthalene. 
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STRP D: PREPARATION OF MT?mYL^f2-5.'^-«-«-TETRAM PTma,-,VPYRIMroiN-2- 
YT.MgrHYI^5.6.7.8-TETRAHYDRQ-NAPHAJJ.N.2-YLVVINYL1BENZOATC 




OMe 



A mixture of 200 mg (0^5 mmol) of 2-bromo-3- (2-pyriimdinyl)metiiyl-5,5,8,8- 
tetiamethylr5,6,7,8-tetrahydronaphthalene, 106 mg (0.72 mmol) of vinyltrimethylsilane and 
150 nL (1.1 mmol) in 30 ml of NMP was placed under a argon atomosphare and 64 mg (0.22 
mmol) of tri-o-tolylphosphine and 24 mg (0.1 1 mmol) of palladium acetate was added. The 
10 reaction was heated to 90 . After 2 h, the reaction was cooled to room temperature and 64 mg 
(0.22 mmol) of tri-o-tolylphosphine, 24 mg of palladium acetate, 106 (0.66 mmol) of ethyl- 
4- bromobenzoate and 900 (0.93 mmol) of tetrabutylammonium flouride was added. The 
reaction mixture was heated at 100. After 6 h, the reaction was cooled to room temperature, 
poured into brine, extracted with ethyl acetate, dried (MgS04), concentrated under dryness and 

15 purified by flash chromatography (30 % dSbyl acetate/ hexane) to give 38 mg (15 %) of 
Methyl-4-[2-5,5,8,8-tetraniethyl-3-pyrimidin-2-yUnethyl-5,6,7,8-tetrahydro-naphalen-2-^^^ 

vinyl]benzoate. Ester saponification afforded 4-[2-5 ,5, 8,8-tetramethyl-3-pyriimdin-2-ylmethyl- 
5.6.7.8-tetrahvdro-naDhalen-2-yl)-vinyl]benzoic acid (MlT = 427) 



20 
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EXAMPI£ 50: PREPARATION OF GLYCERO T ^rfEV2-f5.5.8.8-TErRAMEniXL:3: 
PYR2»I^l-YLMETHYL-5.6.7.8-TETRAHY T^T?'^>JAPt^AT.FlvJ-7,- 

YL'^VINYLIBENZOATE 





HO OH 
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To 200 mg (0.48 mmol) of 4-[(E)-2-(5^3,8-tetramethyl-3-pyrzol-l-ylmethyl- 
5,6,7,8-tetrahydro-naphthaien-2-yl)vinyllbeazoic acid _in 30 ml benzene was added 0.17 ml 
(1.9 mmol) of oxalyl chloride and one drop of diisoproylamine. Aftar 30 minutes, the reaction 
mixture was concmtrated under reduced pressure, additional benzene added and the mixture 

5 was concentrated again. The add chloride was taken up in benzene and added to a mixture of 
0.3 ml (2.4 mmol) solketal, 293 mg (2.4 mmol) of DMAP and 0.14 ml (1 mmol) of TEA in 
henzjsac. The reaction was stirred at room temperature. After 8 h, the reaction was quenched 
with 1 N HCl, diluted with brine, the organic layer separated , dried (MgS04), concentrated 
under reduced pressure and the product purified by flash chromatography (25% efliyl 

10 acetate/hexane). The purified product was taken up in 1 :1 methylene chloride, THF and treated 
with an excess of p-TsOH at room tempa:aturc. After 2 h the reaction mixture was concmtrated 
under reduced pressure, diluted with wata* and extracted with efliyl acetate. The extracts w«:e 
dried (MgS04), concentrated under reduced pressure and purified by flash chromatogr^hy (5% 
MeOH/CH2Cl2) to give 62 mg (27%) of Glycerol-4-[(E)-2-(53,8,8.tetramethyl-3-pyr2oH- 

15 ylmethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]baizoate QAtC = 489) 164. 

EXAMPLE 51:PREPARATION OF 4-rfEV2-f5,5.8.8>TET RAMETHYI^3^PYRZOL-l- 
YLMFIHYI^5.6 J.S-TETRAHYDRO -^ APTTTO AT m-2>YL^\nPTO LlBENZAMIDE 

20 




The acid chloride prepared as described in example above for the glycerol ester, 
on the same scale, in THF, was added to 15 ml concentrated ammonium hydroxide. Afto 1 h, 
25 the reaction mixture was diluted with brine, extracted with EtOAc, dried (MgS04), 

concentrated under reduced pressure and purified by flash chromatography (5% methyl 
alcohol/dichloromethane) to yield 156 mg (78%) of 4-[(E)-2-(5,5,8,8-tetramethyl-3-pyrzoH- 
ylmethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]benzamide (mp = 248-249) 165. 
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FY AMPLE 52 :PREPARATION OF4-ffEV2-/^^-«-8-TETRA METHYI^3-PYRZOI^l- 
YT^MHTHYL-5.6.7.8-TETRAHYnRn-NAPHTH AT RN-l-YUVINYLIBENZOIC ACID 

PTPF.PTDINE AMIDE 



O 




The add chloride prepared as described in exanq)le above for the glycerol estcar, on the 
same scale, in THF, was added to a solution 0.12 ml (1 2 mmol) of pipaidine in THF. Afta 
0.5 h, the reaction mixture was diluted witii brine, extracted with EtOAc, dried (MgS04), 
10 amcaitiated under reduced pressure and purified by flash chromatography (60% ethyl 

acetate/hexane) to yield 125 mg (54%) of 4-[(E)-2-(5,5,8,8-tetramethyl-3-pyrzol-l-ylmethyl- 
5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]baiz<nc add pipeaidine amide (mp = 171.6-172.5) 
166. 

15 EXAMPLE 53: PREPARATION OF 4-r(EV2-f^-HKXYI^5.5.8-R-TETRAMETHYL-5.6.7.8- 




20 ^-[(E)-2-(3-Hexyl-5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naphthyl)vinyl3benzoic add (100 
mg) was dissolved in benzene (23 ml). To this solution was added oxalyl chloride (44 pi) and 
dimethylf ormamide (5 jil) and a rapid outgassing was observed. After the reaction was stirred 
at room temperature for 1 hour, trietiiylamine (70 \iX) was added f oUowed by a solution of N 
dimethylaminopyridine (147 mg) and soDcetal (149 jil) in benzene (3 ml). The reaction mixtiire 

25 was stirred at room tempCTature ovonight The reaction mixture was acidified witii IM 
hydrochloric acid and extracted with ethyl ether (2 x 20 ml). The combined extracts were 
washed wi± watar, brine, dried and evaporated. The residue was purified by flash 
chromatography (silica gel, hexane/10% etiiyl acetate) to give 97 mg of 4-[^>2-(3-bexyl- 
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20 



5,6,7.8-tetiahydro-5^3,8-tetramethyl-2-naphthyl)vinyl]benzoic acid 2,24-trimethyl-l ,3- 
dlo^an-4-yl ester as a clear glass. The ester was dissolved in dichloromethaae (4 ml) zndp- 
toluenesulf onic acid monohydrate (60 mg) was added. The reaction mixture was stirred at 
room temperature overnight, diluted witii water and extracted witii eShyl ether. The orgamc 
layer was washed with water, 10% sodium bicarbonate, brine, dried and concentrated in vacuo. 
The crude yeUow oU was purified by flash chromatography (siUca gel, CHiOz/e^ MeOH) to 
give 49 mg E)-2-(3-hexyI-5,6.7,8-tetrahydro-5,5,8,8-tetramefliyl-2-naphtiiyl)vinyl]benzoic add 

2,3-dihydroxy-propyl ester 56 as a clear glass in 42% yield. (M* 492.) 56. 



10 EXAMPLE. 



The RAR a antagonist selectivity of compounds of tiie invention was determined by the 
ligand binding assays described in C. Apfel et al. Proc. Nat. Sci. Acad. (USA). 89:7129-7133 
(1992). Data fOT selected compounds from Table lare shown below. 




The embodiments of die invention described above are intended to be merely 
exemplary, and tiiose skiUed in die art will recognize, or be able to ascertain using no mote than 
routine experimentation, numerous equivalents to tiie specific procedures described herdn. AH 
such equivalents are considered to be witiun tiie scope of tiie invention and are encompassed by 

the following claims. 

All patents, patent appUcations and pubUcations cited in tiiis appfication are hereby 
incorporated by reference in tiieir entirety for all purposes to tiie same extent as if each 
individual patent, patent appUcation or pubUcation were so individually denoted. 
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CLAIMS 



5 



1 . A compound according to structural formula (I) : 



Ae-Bd-X-R^ 



r2 




I 



or a pharmaceutically accq>table salt, solvate or hydrate thaeof wha-an: 
n is an integer £rom 0 to 2; 
cisOccl; 
disOor 1; 

10 Ais-a=0)-.-C(=CH3)-.-C(=NR'')-or-CR^^-; 

R* is hydrogen, alkyl, hydroxy, alkoxy ot amino; and 
R^ and R* are independaitly hydrogen, alkyl or togeAer, almg wifli the carbwi 
to which they are both attadied^ are cycloalkyl; 

B is -C(0)0-, -0C(0)-, -C(0)NH-, -NHC(O)-, -NHC(0)NH-, -CR^=CR^-. 
15 -R'C=CR*-C(0)-, -CsC-. -OC-C(0>, -CHjO-, -CHjS-, -OCHr. -SCHr. -COCHr. or - 
CH2CO-; 

R^ and R* are independraitly hydrogen ot alkyl; 
with the provisos that: 

when A is -G(=0>, or -C(=NR*)-, then B is not -0C(0)-; and 
20 when A is -QfCH^, then B is not -OC(0)-; 

X is aryl ot h^oaryl; 
r' is -C(=0)-R^ 

R' is all^l, cycloaDqrl, cycloaBcyl-aUqrl, hydroxy, alkoxy. aryloxy, 
cycloalkyloxy, cycloaDcyl-alkyloxy, arylalkyloxy, amino, alls^lamino, diaUcylamino, 
25 heteroalkyloxy, heteroalkylamino, heteroalkylthio, heterocyclyl ot heterocyclylalkyl; and 

R^is: 

(a) -(C^^°R"WYp-R'^; 
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m is an integer from 1 to 10; 
pisOor 1; 

R'" and R" are independently hydrogen, alkyl, hydroxy or hydroxyalkyl; 
Y is -0-, -S(0)q- or -NR^^-; and 
S q is an intega from 0 to 2; and 

r" is hydrogra or aftyU 
R" is hydrogen, alkyl, cycloaDcyl, cycloalkyl-alkyl, aryl, arylalkyl. 
heteroaryl, heteroarylaHcyl, acyl, alkoxycarbonyl, carbamoyl, substituted 
cycloalkyl, heteroalkyU heteroalkylsubstituted cycloaDcyl, heterosubstitoted 
10 cycloalkyl, heterosubstituted cycloalkyl-alkyl. hetarocyclyl or heterocyclylalkyl; 

with the proviso that when p=0, then is not hydrogen or alkyl; 
(b) heteroaryl; 

(C) 'ZrU 

Z is -CR"=CR''-, -OC-, -O, -NR'^-. C(=0) or -8(0),-; 
1 5 r1*, r" and R^^ are independently hydrogen or alkyl; and 

L is hetaroaryl, heteroarylalkyl or heteroalkyl; 
with the proviso that when ArBd is -C(=0)-CR''=CR''-, then L is not 
hetaoalkyl; or 

(d) -CR**=CR^^-Li where L, is S(0)2R" or SOzNR'^R" where R" is alkyl and 
20 R" and R^' are independently hydrogen oc alkyl; 

each R' is independaitly hydrogea, allqrl, hydroxy or oxo; and 
t is 1 or 2 for n = 1 or 2, and 
t is 1 f or n = 0. 

25 2. The compound of Oaim l,wherdnn is 1 and R ishydrogoi. 

3. The compound of Claim 1, wherein A is -C(=0)- and R^ is hydrogen. 



30 



4. The compound of Claim 1 , wherdn c is 0; R^ is hydrogen and 

B is -NHC(0)NH-, -CR'=CR'-. -R''0=CR«-C(0)-. -C^-. -C^-QOy at -CH2O-. 
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5. The compound of Claim 4, wherein B is trans -CH=CH-. 



6. The compound of Claim 1 , wherein X is phenyl or thienyl; c is 0 and is hydrogen. 



5 1. The compound of Claim 1 , whordn is hydrogtai; c is 0; B is trans -CH=CH- and R 
is hydroxy. 



8, The compound of Claim 1, wherein R^ is hydroxy* 



10 9. The compound of Claim 1, wherein R^ is -(CR%"WYp-R^l 



10. The compound of Claim 9, wh^ein R^° and R" are hydrog^i. 



15 



1 1 . The compound of Claim 9, wherein m is 1 to 4, 



1 2. The compound of Claim 9, wherein p is 1 



13. The compound of Claim 9, wherein p is 0. 



20 14. The compound of Claim 9, wherein m is 1, p is 1 and R^® and R" are independently 
hydrogra or alkyL 



1 

15. The compound of Claim 14, wherein Y is -0-; R^^ is hydrogm, acyl, alkyl, carbamoyl, 
cycloall^l, aryl, heteroaryl or heteroalkyl; c is zero, d is 1 , B is trans -CH=CH-, and -X-R^ is 



25 4-carboxyphenyL 



1 



16. The compound of Claim 15 having the fonnula: 





CO2H 



;or 



148 



wo 02/28810 



PCT/EPOl/11017 




15 



17. The compound of Claim 14, wherdn Y is -S(0)q-.- 



5 18. The compound of Claim 14, wherein R^' is aDcyl. cycloalkyl, heteroalkyl or 

heterocyclylalkyl; c is zero, d is 1, B is trans ^H=CH., and -X-R' is 4.carboxyphenyL 



19. The compound of Claim 17 having the formula: 
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20. The compound of Claim 1 7 wh»dn R*^ is hetaoaryl, heteroaiylalkyl, heterocyclyl or 
heterocyclylalkyl; c is zero, d is 1, B is trans -CH=CH-, and -X-R' is 4-carboxyphenyL 

21 . The con^>ound of Claim 20 having the fonnula: 




22. The compound of Claim 13, wherein m is 3, p is 1 and R'° and R" are independently 
hydrogen or alkyL 

10 23. The compound of Claim 22, wherein Y is -0-; R^^ is hydrogen, acyl, alkyl, carbamoyl, 
cycloalkyl aryl, heteroaiyl ot heteroalkyl; c is zero, d is 1, B is trans -CH=CH-, and -X-R is 
4-carboxyphenyl. 

24. The compound of Claim 23 having the fonnula: 




15 12 
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25. The compound of Claim 22, wherein Y is -NR^^-; R^^ is acyl, alkyl, cycloalkyl, aryl, 
heteroaryl or heterocyclyl; c is zero, d is 1, B is trans -CH=CH-, and ~X-R^ is 4- 
caiboxyphenyl. 

26. The compound of Claim 25 having the f onnula: 




33 



27. The compound of Claim 22, wherein Y is -S(OV; R^^ is aryl, arylalkyl, heteroaryl, 
heto-oalkyl, heterocyclyl or heta:ocyclylaIkyl; c is zaro, d is 1, B is trans -CH=CH-, and -X-R* 
10 is 4-carboxyph«iyl. 



28. The compound of Claim 27 having the formula: 





29. The compound of Claim 9, wherem m is 2, p is 1 and R^° and R" are independently 
15 hydrogai alkyL 

30. The compound of Claim 29, wherein Y is -0-; R" is hydrogen, acyl. alkyl carbamoyl 
cycloalkyl aryl, heteroaryl or hetearoalkyl; c is zero, d is 1, B is trans -CH=CH-, and -X-R^ is 
4-carboxyphenyl. 

20 
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31- The compound of Claim 30 having the formula: 




31 



32, The compound of Claim 29, wherein Y is -S(OV; R^^ is aryl aryl^l, heteroaryl 
heteroarylaUcyl heterocyclyl or hetorocyclylalkyl; c is zero, d is 1, B is trans -CH=CH-. and 
5 -X-R^ is 4-carboxyphaiyl. 



33. The compound of Claim 32 having the formula: 



CO2H 




or 



26 




34. The compound of Claim 9, wh^dn m is 4, p is one and R^^ and R^^ are indq)endmtly 
10 hydrogen or alkyl; Y is -O and R^^ is hydrogen, acyl, alkyl, carbamoyl, cycloalkyl, aryl, 

heteroaryl or heteroalkyl; c is zero, d is 1, B is trans -CH=CH-, and -X-R^ is 4-carboxyphenyL 



35, The compound of Claim 34 having the formula: 
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36. The compound of Claim 9, wherein m is 1. p is 0 and and R" are independently 
hydrogoi or aU^L 

37. The compound of Claim 36, wherein R*^ is heteroaryl. heteroarylalkyl, heterocyclyl 
5 heterocyclylalkyl; c is zero, d is 1 . B is trans -CH=CH-. and -X-R' is 4-carboxyphenyL 



38. The compound of Claim 37 having the formula: 

F 



10 
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39. The compound of Claim 38 having the formula: 




6 

40. The compound of Claim 36, wherein R^^ is aryl, arylalkyl cycloalkyl or substituted 
cycloalkyl. 

41. The compound of Claim 40, wherein c is zero, d is 1, B is trans -CH=CH-, and -X-R^ is 
4-carboxyphenyL 

42. The compound of Claim 41 having the fcraiula: 




43. The compound of Claim 9, wherein m is 2, p is 0 and R^° and R" are indq)endentiy 
hydrogm or alkyl; R^^ is aryl, arylalkyl, heteroaryl, hetoroarylalkyl, hetearoalkyl hetarocyclyl or 
heterocyclylalkyl; c is zero, d is 1, B is trans -CH=CH-, and -X-RJ is 4-carboxyphenyL 

I 

44. The compound Claim 43 having the formula: 
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45. The compound of Claim 9, wherein m is 3; p is 0 and K'^ and R" are independently 
hydrogen or alkyl; R^^ is aryl arylalkyl, heteroaryl, heteroarylaDcyl, heterocyclyl or 
heterocyclylalkyi; c is zero, d is 1, B is trans -CH=CH-, and -X-R' is 4-carboxyphmyL 

10 46. The compound of Claim 45 having the formula: 




1S5 
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47 The conq)Ound of Claim 1, wherein c is 0, is heteroaryl and is hydrogen; c is 
zero, d is 1, B is trans -CH=CH-, and -X-R* is 4-carboxyphenyL 

48- The compound of Claim 47 having the formula: 




49. The compound of Claim 1 , wherein R^ is -Zrhetaroaryl. -Z-heteroarylalkyl or -Zr 
heteroaDcyl. 

50. The compound of Claim 49, wherein R^ is -Z-heteroaryl or -Z-heteroarylalkyl; Z is -O. 
-C(=0)- or -S(0)q-; c is zero, d is 1. B is trans -CH=CH-, and -X-R^ is 4-carboxyphenyL 

5 1 . The compound of Claim 50 having the formula: 



o 




7 8 

52. The compound of Claim 1, wherein c is 0, d is 1 and B is -CR =CR 

53. The compound of Claim 52, wherdn B is trans -CH=CH-. 

54. The compound of Claim 53, wherein X is aryl. 
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55. The compound of Claim 84 having the structural formula (V): 




V 



where is -CO2H, is hydrogen, and R^ and n are as defined in Claim 1. 
5 56. Hie compound of Claim 55 having the structural formula (VI): 




VI 

where R^ is -X^OiU, R^ is hydrogQi,and R^ and n are as defined in Claim 1 . 

57. The compound of Claim 53, wherdn X is het^oaryL 

10 

58. The compound of Claim 57 having the structural formula (VII): 




vn 

wherdn R^ is is -COaH, R^ is hydrogen, and R^ and n are as defined in Claim 1. 

15 

59. A compound haying the structural formula (VUS): 
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vm 

wh^ein: 

R^^isalkyl; 

5 R^^ is: (a) heteroalkyloxy, heteroalkylaniino or heteroaBcylthio; or 

(b) Q-R^ where Q is -0-, -NR^- or -S- (where R^^ is hydrogen or alkyl) and 
R^^ is carboxyalkyl; 
and n is an integer from 0 to 2. 

10 60. The compound of Claim 59 where R^ is n-pentyl R^^ is heteroallgrloxy and n is 1 • 

6 L A compound of formula I, or a pro-drug thereof, as claimed in claim 1 for use as 
medicament. 

15 62, Use of a compound of formula I, or a pro-drug thereof, as claimed in claim 1 for Ae 

preparation of a medicament for ttie treatment of airway disorder. 

63. Use as claimed in claim 62 wherdn the airway discM-dor is COPD. 



20 64. Use as claimed in claim 63 wherein the airway disorder is emphysema. 

65. Use as claimed in claim 64 wherein the medicament is delivered by orally 
administoing. 
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66. Use as claimed in claim 64 wherein the treatment comprises one or more additional 
diofJ^ies. 

67. Use of a compound of formula I, or a pro^g thereof, as claimed in claim 1 for the 
5 preparation of a medicament for rq)airing alveoli. 

68. Use of a compound of formula I, or a pro^g thereof, as claimed in claim 1 for the 
prq>acaticHi of a medicamoit for treating cancer. 

10 69. Use of a compound of formula I, or a pro-drug thereof, as claimed in claim 1 for the 

preparation of a medicamait for treating a domatolo^cal disordear. 

70. A pharmaceutical composition comprising a pharmaceutically effective amount of a 
compound, or a pro-drug tiiereof , as claimed in claim 1 and, if desired, a pharmaceutical 

15 inert carrier. 

71. Processforflieprq)arationafacompoundof formula VI, where is (X)2H or COr 
alkyl is -(CR*°R")m-R" and R*^ Is heteroaryl 




VI 

20 conqirising: treating a compound of formula Vn 




(CRioRii)m-G 
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where G is a leaving group with a nucleophile R^^-H; and when R is COa-alkyl, followed by 
hydrolysis with a base. 

72. The invmtion as hereinbefore described. 

)|e s|: « « 4: 
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